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ABSTRACT 

A large sample of carbon enhanced metal-poor stars enriched in s-process elements 
(CEMP-s) have been observed in the Galactic halo. These stars of low mass (M 
~ 0.9 Mq) are located on the main-sequence or the red giant phase, and do not 
undergo third dredge-up (TDU) episodes. The s-process enhancement is most plausibly 
due to accretion in a binary system from a more massive companion when on the 
asymptotic giant branch (AGB) phase (now a white dwarf). In order to interpret the 
spectroscopic observations, updated AGB models are needed to follow in detail the s- 
process nucleosynthesis. We present nucleosynthesis calculations based on AGB stellar 
models obtained with FRANEC (Frascati Raphson-Newton Evolutionary Code) for 
low initial stellar masses and low metallicities. For a given metallicity, a wide spread in 
the abundances of the s-process elements is obtained by varying the amount of 13 C and 
its profile in the pocket, where the 13 C(a, n) 16 reaction is the major neutron source, 
releasing neutrons in radiative conditions during the interpulse phase. We account also 
for the second neutron source 22 Ne(a, n) 25 Mg, partially activated during convective 
thermal pulses. We discuss the surface abundance of elements from carbon to bismuth, 
for AGB models of initial masses M = 1.3 - 2 Mq, low metallicities ([Fe/H] from —1 
down to —3.6) and for different 13 C-pockets efficiencies. In particular we analyse the 
relative behaviour of the three s-process peaks: light-s (Is at magic neutron number N 
= 50), heavy-s (hs at N = 82) and lead (N = 126). Two s-process indicators, [hs/ls] 
and [Pb/hs], are needed in order to characterise the s-process distribution. In the 
online material, we provide a set of data tables with surface predictions. Our final 
goal is to provide a full set of theoretical models of low mass low metallicity s-process 
enhanced stars. In a forthcoming paper, we will test our results through a comparison 
with observations of CEMP-s stars. 
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1 INTRODUCTION 

In the last years, high-resolution spectroscopic surveys of 
very metal-poor stars have acquired particular interest, es- 
pecially for those stars with an appreciable carbon enhance- 
ment, i.e. [C/Fc] > fl the so-called Carbon Enhanced 
Metal-Poor stars (CEMP. lBeers fc Christliebll2005l) . A large 

* E-mail: bisterzo@ph.unito.it (AVR); sarabisterzo@gmail.com 
(ANO) 

1 The standard spectroscopic notation is adopted: for two generic 
elements A and B, [A/B] = logip (Na /N b )* - logio(N A /N B )o 
(Heifer, Wallcrs tein fc Gre cnstcin 195j|)- 



number of CEMP stars has been recently discovered by sev- 
eral survey projects, as the HK-survey (|Beers et al.l Il992l 
l2007f) . the ESO Large Programme First Stars with the ESO 
VLT and UVES spectro graph (e.g . [Cavrel et all 12001 ). the 
Hamburg/ESO Survey (|Christliebl [20031 ) the SEGUE sur- 
vey (Sloan Extension for Galactic Exploration and Under- 
standing) the S EGUE Stellar Parameter Pipeline (SSPP; 
Lee et all l2008al lbl). the Sloan Digital Sky Survey (SDSS, 
York et al.ll2000l ). the Chemical Abundance s of Stars in the 
Halo (CASH) Project (|Roederer et al.ll2008l ). These surveys 
provide essential means to the understanding of the early 
universe and the Galactic chemical evolution. 



2 S. Bisterzo, R. Gallino, O. Straniero, S. Cristallo, F. Kappeler 



To interpret the surface abundances of these objects, 
theoretical stellar evolutionary models are needed. We con- 
centrate here on CEMP stars with enhancement in elements 
produced via sZom-neutron capture process (s-process; 



Burbidge et ail 1 19571 : IClavtonl Il96ll . 1 19681 ; iKappeler etafl 
19821 ), the so-called CEMP-s stars. It is commonly assumed 



that CEMP-s stars belong to binary systems where a more 
massive asymptotic giant branch (AGB) companion, now a 
white dwarf, had synthesised the s-elements and polluted the 
observed star by mass transfer. Different studies about AGB 
nucleosynthesis are available in the literature, either with 
ost-process method or with full stellar evolutionary models 
Straniero et al.lll995l. Il997l, 120031; [Gorielv fc Mowlavill200d: 



20041 ; ICampbell fc Lattanziol 120081 ; ICristallo et all 



Herwi 

2009al lbD. Our calculations are based on FRANEC (Frascati 
Raph son- Newton Evolutionary Code) (|Chieffi fc Stranierol 
1989), coupled with a post-p rocess method whic h includes a 
full network up to bismuth (|Gallino et al.|[l998l ). 

Late on the AGB, two alternate energy sources are ac- 
tivated, the H-burning shell and the He-burning shell. These 
two shells are separated by a thin zone in radiative equilib- 
rium, the so-called He-intershell. The H-burning shell pro- 
gressively erodes the bottom layers of the envelope and pro- 
duces helium. Consequently, the He-intershell grows in mass 
and is progressively compressed and heated until the tem- 
perature and density become high enough to trigger a ther- 
monuclear runaway in the He shell (thermal pulse, TP). The 
sudden energy release causes the above layers to be unsta- 
ble against co nvection, thus mixing material over the whole 
He-intershell Ipchwarzschild fc Harmlll965l . 11967). The con- 
sequent expansion of the region above the He-burning shell 
temporarily extinguishes the H-shell. In these conditions, 
the convective envelope can penetrate under the H-shell, 
bringing to the surface newly synthesised material (third 
dredge-up, TDU). During TDU, a chemical discontinuity 
is established at the interface between the H-rich envelope 
and the He-intershell, with a sudden change of the opacity, 
and then, of the temperature gradient. Thus, at the radia- 
tive border, the convective velocity becomes abruptly zero, 
whereas it should exist a transition region, where the con- 
vective velocity smoothly decreases to 0. Therefore, a par- 
tial mixing may take place. Under this hypothesis, a small 
amount of hydrogen from the envelope penetrates into the 
top layers of the He-intershell |lben fc Renzinill 19831 ). Then, 
at H-shell reignition, a thin 13 C-pocket forms in the top lay- 
ers of the He-intershell, by proton capture on the abundant 
12 C. There is an upper limit in the 13 C production in the 
pocket. Indeed, a higher proton abundance ingestion would 
produce 14 N by proton capture on 13 C. This 13 C is primary, 
because the diffused protons are captured by 12 C directly 
produced by helium burning during previous TPs, regard- 
less of the metallicity. During the interpulse phase, when the 
temperature in the 13 C-pocket increases up to 1 x 10 s K, 
neutrons are released in radiative conditions via the 13 C(a, 
n) ls O reaction, before the occurrence of the next thermal in- 
stability. This reaction constitutes the major neutron source 
in low mass AGB stars (1.2 < M/M < 3 , hereafter LMS), 
l|Straniero et al.lll995l ; lGallino et all 1 19981 '). 
During the convective episode originated by a TP, the s- 
process material synthesised in the pocket is diluted over 
the whole He-intershell, while the abundant 14 N nuclei 
in the H ashes are converted to 22 Ne via the 14 N(a, 



7 ) 18 F(/3+i/) 18 0(q, 7 ) 22 Ne chain. In LMS, the maximum 
temperature at the bottom of the TP slightly increases with 
pulse number, depending on the initial mass and metallic- 
ity, reaching T ~ 3 x 10 s K toward the end of the AGB 
phase. At this temperature the 22 Ne(a, n) 25 Mg reaction is 
partially activated, producing a neutron burst of small neu- 
tron exposur43 but with a high neutron density peak n*^ ak < 
10 11 cm -3 , followed by a rapid decline (neutron freezout). 
The time dependence of this neutron burst is particularly 
important for defining the freezeout conditions for most of 
the branchings, that are sensitive to temperature and neu- 
tron density. In intermediate mass AGB stars (4 < M/Mq 
< 8, hereafter IMS), the maximum temperature during a 
TP reaches about 3.5 x 10 8 K, thus leading to a substantial 
activation of the 22 Ne(a, n) 25 Mg. 

The aim of this paper is to present in detail theoretical 
predictions of LMS AGB stars (M = 1.3, 1.4, 1.5 and 2.0 
Mq) as a function of metallicity, starting from solar down to 
[Fe/H] = -3.rfl focusing on stars with [Fe/H] ^ -1. Addi- 
tional models of IMS in the range of —1.6 ^ [Fe/H] ^ are 
discussed to highlight the effects that the mass has on the 
stellar structure and evolution. Comparison with spectro- 
scopic observations of CEMP-s stars will be presented in a 
forthcoming paper (Bisterzo et al., in preparation, hereafter 
Paper II). The models on which we base our calculations 
are described in Section [2] We study the behaviour of all 
the elements from carbon to bismuth, the three s-process 
peaks (light s-process elements Is, heavy s-process elements 
hs, and [Pb/Fe]jE and the s-process indicators [hs/ls] and 
[Pb/hs] by varying the metallicity and the 13 C-pocket ef- 
ficiency, which is a parameterisation of the amount of 13 C 
and its profile in the pocket (Section |3). We also discuss the 
important effect of 22 Ne at low metallicities (Section^, and 
the relevance of Na (and Mg) abundances as indicators of 
the initial AGB mass (Section [5}. In Section [6] we give our 
conclusions. 



2 DESCRIPTION OF THE MODELS 

We perform th e s-process nucleo synthesis with a post- 
process method (|Gallino et al. 1998) based o n full evolution- 
ary models obtai ned with FRANEC code (|Straniero et alj 
1 19971 . |2000| . 120031 ). Our post-processing calculations follow 



2 The neutron exposure is the time integrated neutron flux r = 
J nnVthdt, where n n is the neutron density and Vth is the thermal 
velocity. 

3 The metallicity is defined as 



[Fe/H] = log 10 (Fe/H) - log lo (Fe/H) . 

4 We define Is and hs as 

[ls/Fe] = 1/2([Y/Fe] + [Zr/Fe]), 

[hs/Fe] = l/3([La/Fe] + [Nd/Fe] + [Sm/Fe]). 



(1) 

(2) 
(3) 



We exclude Sr from the Is elements and Ba from the hs el- 
ements because they are affected by sp ectroscopic uncertain- 
ties, as discussed by iBusso et al.l lll995l) (see also Paper II). 
Moreover, non-local thermodinamical equilibrium (NLTE) cor- 
rections, can b e significant for Sr and Ba in particular at 
low metallicities llAnd ricvskv et al. 2009; Mashonki na et al .120081; 
IShort fc Hauschildtll2006l) . 
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Figure 1. Top panel: the mass of the 12 C-rich and s-process- 
rich layer, cSmTDUi that is mixed into the envelope after each 
TDU episode, as a function of the position in mass of the H 
shell, mjj, f° r AGB models of [Fc/H] = and different initial 
masses. Each symbol on the curves indicates the appearance of 
the various TDU episodes. The location of mn grows in time due 
to the activation of the H-burning shell in the intcrpulsc phase. 
Bottom panel: evolution of the maximum temperature at the base 
of the convective shell generated by the TPs as a function of i»h 
for AGB models at [Fe/H] = and different masses. Tg stand for 
1 X 10 s K. (See the electronic paper for a colour version of this 
and the following figures.) 



the convective instabilities generated by TPs, the 13 C-pocket 
burning and the TDU episodes. The nuclear reaction rates 
are updated to 2009 (see KADoNi^ and further references 
given in Appendix fA}. The main differences with respect 
to previous publications is the discovery and the correction 
of an old bug in the models, which affected the treatment 
of 16 produced in the pocket via 13 C(a, n) le O. In ad- 
dition, protons captures are now included to improve the 
prediction of the light elements. In particular 19 F: reac- 
tion rates of isotopes involving charg ed particles are taken 
from the NACRE compilation ( Angulo ct al. 1999) (web ad- 
dress http://pntpm3.ulb.ac.be/Nacrc/barrc_databasc.htm). 
We follow the prescriptions given bv lStraniero et all (2003) 
for input data such as: 

• the mass of the material dredged-up at each TDU 
episode, 



5 Karlsruhe Astrophysical Database of Nucleosynthesis in Stars, 
web address http://nuclear-astrophysics.fzk.de/kadonis/ 
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Figure 2. The same as Fig. Q] but at [Fe/H] = -0.8. Note the 
different scale adopted with respect to Fig. [T] top panel. By de- 
creasing the metallicity, the mass involved in the TDU signifi- 
cantly increases. 
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Figure 3. The mass of the core at the first TP versus the initial 
mass of the star, at different metallicities. The two horizontal lines 
correspond to a transition limi t between LMS and IM S. Values 
are provided by Tables 1 — 4 of Domi'ngue z et al ] <|l999l l. 



• the temporal history of the temperature and density 
during the TP and their distribution in the various mass 
zones of the convective TP, 

• the mass of the H-shell, 

• the mass of the He-intershell, 

• the overlapping factor r between successive TDUs, 

• the mass of the envelope, which decreases with the TP 
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number because of mass loss and by the activation of the 
H-burning shell, which progressively erodes the bottom of 
the envelope. 



The interpolation formulae by IStraniero et al.l ((2003!) were 
available in a grid of masses up to M = 2 Mq and in the 
metallicity range of —1 < [Fe/H] < 0. We have further ex- 
trapolated the stellar parameters down to [Fe/H] = —3.6. 

For a given metallicity, a spread in the s-process 
elements is observed in MS, S, C(N) and Ba stars of 
the Galactic disk (see iBusso et al.lll995l, l200ll; Ubia et all 
l200ll . |2002| ; iGallino et all 120051 ; Must! fc Gallind 120081 ). 
At low metallicities, recent high-resolution spectroscopic 
measur ements of CEMP-s stars showed an even larger 
sprea d J Ivans et al. Il2005l; lAoki et al.ll2006l; iThompson et all 
20081: iRoederer et al.l 120081: iBisterzo fc Gallind l200a 
Bisterzo et alj |200S| ; ISneden. Cowan fc Gallind l2008h . A 



range of s-process efficiencies is therefore needed in order 
to interpret the observations. In our calculations, we 
artificially introduce the 13 C-pocket, which is treated as a 
free parameter and kept consta nt pulse by pu l se. St arting 
from the ST case ad opted by IGallino et alJ (|l998l ) and 
lArlandini etafl l| 19991 ). which was shown to reproduce the 
solar s-process main component as the average of the 1.5 
and 3.0 Mq models at half solar metallicity (as described 
in Appendix O, we multiply or divide the 13 C (and 14 N) 
abundances in the pocket by different factors. The pocket 
extends in mass for 9.4 x 10~ 4 Mq (for LMS about 1/20 
of the typical mass involved in a TP), and contains 4.7 x 
10" 6 Mq of 13 C and 1.6 x 10~ 7 Mq of 14 N. These masses 
are the integrated masses in the pocket accounting for 
the 13 C and 14 N profiles, respectively. 14 N has a resonant 
neutro n capture reaction rate (q[ 14 N(n, p) 14 C]( 3 ok c v) = 1-85 
mbarn. iKoehler fc O 'Brier] 1 19891 ): 14 N(n, p) 14 C preventing 
the captured neutrons to be available for the s-process 
nucleosynthesis (while 14 C has a very low neutron capture 
cross section). We exclude the possible upper zone close 
to the border of the TDU where higher proton injection 
would produce 14 N > 13 C. The case STx2 corresponds to 
an upper limit, because further proton ingestion leads to 
the formation of 14 N at expenses of 13 C. The s-process 
efficiency of the 13 C-pocket increases by decreasing the 
metallicity because of the lower number of iron seeds. 
We may define a minimum 13 C-pocket as the one which 
significantly affect the final s distribution, below which 
the s-process path mostly depends on the 22 Ne neutron 
exposure only. As first approximation, for solar metallicity 
the lowest 13 C-pocket is ST/6, and ST/150 for [Fe/H] = 
-2.6 (see Section H Fig. [5] for further details). In IMS the 
He-intershell mass involved is smaller than LMS by one 
order of magnitude and the TDU efficiency is reduced. For 
this reason, a different choice of 13 C-pocket is used for these 
stars: we defined the case ST-IMS, with M( 13 Cst-ims) = 
10~ 7 Mq. 

The crude approximation in the treatment of the 13 C-pocket 
reflects a significant uncertainty which affects AGB models: 
in particular, the mixing processes at radiative/convective 
interfaces during TDU episode. In fact, the penetration 
of protons in the He-intershell during TDUs is currently 
matter of study and one of the most deb ated issues. Models 
including rotation (|Langer et all 1 19991 ). or gravity waves 
jDenissenkov fc Toutll2003l ) have obtained a partial mixing 



zone at the base of the convective envelope during TDU 
episode, which leads to the formation of a 13 C-rich layer of 
li mited mass extension . Si milar results ha ve been obtained 
bv lHerwig et~afl |l997l ) and lHerwid (|200d ). who introduced 
an exponential diffusive overshoot at the borders of all 
convective zones. A formally similar algorithm, but based 
on a differe nt mixing scheme (i.e . not diff usive) has been 
propo sed bv lStraniero et ah! |200d ). (see also lCristallo et all 
2009a). Finally, we remind that the efficiency of the TDU 
itself is significantly affected by the different treatment of 
the mixing algorithm, and it is currently a main problem 
with AGB computations. Different evolutionary codes do 
not reproduce the same results, since they are based on dif- 
ferent treatment of the mixing algor it hm (see, for instance 
Straniero etafl 120031: iHerwigj I200II: I Karakas fc Lattanzid 



20071 : IStancliffe fc Jeffervl 120071 ; ICristallo et all l2009al . and 
references therein). 

In AGB stars, photospheric s-process enrichment is ob- 
served only when the TDU takes place. According to 
FRANEC model, for LMS it occurs after a limited number 
of pulseS j when the mass of th e H-exhausted core reaches ~ 
0.6 Mq (|Straniero et al.ll2003l ). bringing freshly synthesised 
material from the He-intershell into the envelope. The 
TDU efficiency dep ends on the envelope mass and on the 
H-burning rate (see IStraniero et al.ll200ol ). The amount of 
the mass dredged- up by each TDU episode, Jttitdu, first 
increases as the core mass ?tih increases, and then decreases 
until vanishing when the envelope mass is reduced by mass 
loss to a fraction of it (about 0.5 Mq at solar metallicity). 
The minimum envelope mass for the occurrence of the 
TDU depends upon the metallicity, the core mass and 
the mass loss adopted. The minimum initial mass for a 
star that undergoes recursive TDU episodes depends on 
the metallicity. For a solar composition model, M™n" T - 



1.4 M q,, and it decreases with metallicity (St raniero et al.l 
201 K! .. In Fig. [T] we show the mass involved in TDUs (top 
panel) and the maximum temperature at the base of the 
convective shell generated by the TPs (bottom panel) as 
a function of the position in mass of the H-shell, ijih, for 
AGB models of solar metallicity and different initial masses. 
Calculations of M ^ 2.5 Mq hav e been computed wit h 
interpolation formulae published by IStraniero et al] (2003). 
Note that the mass involved in the TDU increases with the 
initial AGB mass at [Fe/H] = 0. At solar metallicity M = 3 
Mq shows a peculiar behaviour of the TDU mass. Indeed, 
its maximum TDU mass is of the same order of M = 2.5 
Mq , and does not further increase. The same of Fig. [T] is 
shown in Fig. [5] but for [Fe/H] = —0.8, where the mass 
involved in the TDU increases. Significant differences are 
shown for M = 3 Mq at [Fe/H] = -0.8, with respect to 
LMS models: the first TP with TDU occurs when the mass 
of the H shell is m H ~ 0.7 Mq (instead of 0.6 Mq as for M 
^ 2.5 Mq) and the TD U is less e fficient. It was shown by 
i Dommguez et all l|l999l ) (see also iBoothrovd fc Sackmannl 
Il988f ) that for a given initial mass, the core mass increases 
by decreasing [Fe/H] (Fig. EJ). Then, for [Fe/H] < -1.3 an 
initial mass M = 3 Mq approaches the behaviour of IMS 
stars, characterised by a thinner He-intershell and a weaker 
TDU. Therefore, M = 3 Mq behaves as a LMS for disk 
metallicities and as a IMS for halo metallicities. For —1.3 
^ [Fe/H] ^ —0.8, we adopt the TDU mass <5ttitdu shown 
in Fig. [5] for each initial mass. Then, we assume an increase 
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by a factor of two in the metallicity range —2 < [Fe/H] < 
— 1.3, and a further factor of two for [Fe/H] ^ —2 for AGBs 
with M = 1.3, 1.4 and 1.5 Mq. For M = 2 M Q , we adopt 
an increase of a factor of two in all the metallicity range 
-3.6 < [Fe/H] < -1.3 follow ing detailed results of AGB 
models (|Cristallo et al.N2009al ). Indeed, as shown in Fig. [3] 
M = 2 Mq at [Fe/H] = -2.3 is not far from the transition 
zone between LMS and IMS stars. For initial masses in the 
range 1.3 «S M < 2.0 Mq and -3.6 ^ [Fe/H] < -1.3, we 
assumed the values of models with [Fe/H] = —0.8 for the 
other input data (like the temperature and density during 
the TP, the mass of the H-shell and the He-intershell, the 
overlapping factor and the residual mass of the envelope). 
Another debated problem is the evaluation of the mass loss, 
which plays a key role during the AGB phase. Many stellar 
properties of the AGB phase depend on the mass loss: for 
instance, the efficiency of the TDU, the number of pulses 
and, therefore, the duration of this evolutionary phase. 
Different methods were developed to estimate the mass loss 
rate based on: 

• obser vations of circu mstellar envelope in giants and su- 
pergiants (|Reimerslll977l ). 

• dynamical calculations for atmospheric Mira-like stars 
|Bloeckerlll995h . 

• the observed mass loss-p eriod and the period- 
luminosity relations of AGB stars jV assiliadi s fc Wood! 19931 : 
recently revised by IStraniero et aL 20061 who account for 
most recent infrared data). 

In the models adopted here, the mass loss is estimated with 
the Reimers formula: 



(Mq ■ yr~ 



(4) 



where r\ is the Reimers parameter; M, R and L are in solar 
units. We set 77 = 0.3 for M = 1.3 - 1.5 M , 77 = 0.5 for M 
= 2.0 M @ , and 77 = 1 for M = 3.0 Mq. 
With this mass loss, at [Fe/H] = -2.6, M = 1.3 Mq shows 
5 TPs followed by TDU, M = 1.5 Mq experiences 20 TPs 
with TDU, while M = 2.0 Mq shows 26 TDUs. The poor 
knowledge of the actual mass loss rate remains one of the 
major uncertainties of AGB stellar models. In particular, 
observational constraints for the calibration of the mass loss 
rate at very low metallicities are lacking fsee lStraniero et al.l 
2006). Usin g the prescription of Reime rs as compared with 
the one by IVassiliadis fc Wood! (| 19931 ). few differences in 
the model results are obtained during the AGB phase, with 
the exception of the l asts TPs where superwinds take place 
l|lben fc Renzinil 19831 ). On the other hand, in our models the 
TDU episodes cease when the envelope mass is still substan- 
tial, and all the superwind phase will take place afterward 
without further variations in the chemical composition. 
IMS AGB models are strongly affected by the mas s loss eval- 
uation fsee lStraniero et al-IBoOol : IVan Loorj|2006l ). For IMS 
stars, we based our calculations on FRANE C AGB models 
of M = 5.0 Mq at [Fe/H] = and -1.3 (|Straniero et all 
2000). These two models show very similar characteristics 
during TP phase, as the maximum temperature at the bot- 
tom of the TP (3.6 and 3.7 x 10 8 K, respectively), the mass 
of the TDU almost constant pulse by pulse (1.2 - 1.3 x 
10" 3 Mq), and the mass of the He-intershell (~ 3 x 10 ' 
Mq). Extrapolating, this might imply that for halo metallic- 



ities, the structure of M = 5.0 Mq is barely distinguishable 
from solar. Similar characteristic s are obtained for a M — 7 
Mq model l|Straniero et al.ll2000l ). with the exception of the 
TDU mass which is reduced by a factor of six with respect 
to M = 5.0 Mq at [Fe/H] = 0. With our mass loss choice, 
the M = 5 Mq model experience 24 TPs followed by TDU, 
leaving a residual total mass of 1.67 Mq and a core mass 
of 0.9 Mq. Since in IMS the temperature at the bottom of 
the convective pulse and the peak neutron density are higher 
than in LMS (T$ ~ 3.5; n n ~ 10 11 cm -3 ), the neutron source 
22 Ne(a, n) 25 Mg is more efficiently activated. Here, neutron- 
rich isotopes involved in important branchings along the s- 
process, like 86 Kr, 87 Rb a nd 96 Zr, are strongly e nhanced. As 
already demonstrated bv lTravaglio et all (|2004l ). a remark- 
able s-process contribution to the isotopes up to zirconium 
is provided by IMSs during thermally pulsing phases via 
22 Ne(a, n) 25 Mg, the main neutron source in these stars. 
Other mixing and nuclear burning phenomena not treated 
here are find to occur in IMS, as hot bottom burn- 



ing JSugimotol 197ll: Ibenl 19731 : iKarakas fc Lattanzid 



120031 : I Ventura fc D'Antonal l2005h. o r, for [Fe/H] < -2.3 
hot third dredge- up dHerwid 120041: iGorielv fc Siess! 12004 
ICampbell fc Lattanzici 120081 : lLau et all 120091 ). When hot 
bottom burning occurs (during the interpulse phase) the 
bottom of the convective envelope reaches the top of the 
H— burning and the temperature at the base is large enough 
(T > 5 x 10 7 K) to activate the CNO, NeNa, and MgAl 
cycles of H burning. The hot third dredge-up, instead, is an 
extremely efficient dredge-up occurring at low metallicities, 
in which the envelope reaches almost the bottom of the in- 
tershell (or perhap s beyond it, if overshooting is included 
at low metallicities iHerwidliooi : lLau et~all l2009). This last 
phenomenon modifies the efficiency of the TDU and, then, 
may influence the structure of the star and its evolution. Nu- 
cleosynthesis models which include hot third dredge-up are 
still matter of study. For this reason only IMS AGB models 
of disk metallicities are discussed here (M = 5.0 and 7.0 
M e ; -1.6 < [Fe/H] < 0). 

At [Fe/H] < —2.3, also LMS may experience a single and 
anomalous TDU episode. It occurs when the convective 
zone generated by the first fully-developed TP extends 
till the H-rich zone, bringing protons at high tempera- 
ture and causi ng the development of a violent thermonu- 
clear runaway (iHollowell et al.lll990l: iFuiimoto et al.l 120001: 
Campbell & Lattanzio 2008; Lau et al. 



Iwam oto et al.ll2004i _ 
2009: ICristallo et al.ll2009bl ). In the present calculate 



do not consider such an extreme case. 



2.1 Initial chemical composition 

The initial compositions (in mass fractions) used for He are: 
Y = 0.28 for -0.3 < [Fe/H] sC 0.0; Y = 0.27 for -0.8 < 
[Fe/H] < -0.3; Y = 0.26 for -1.3 < [Fe/H] < -0.8; Y 
= 0.25 for [Fe/H] < —1.3. The initial isotopic composition 
of the other isotopes is based on the solar meteoritic val- 
ues of I Anders fc Grevessd Jl989j). excep t for C , N, and O 
isotopes, which are upgraded to TLoddersI (|2003l ). For metal- 
licity lower than solar we use solar scaled abundances, with 
the exception of the a elements. For oxygen, we assumed 
a line ar increase [O/Fe] with decreasing [Fe/H] l|Abia et al.l 
120011 ). ([O/Fe] = -0.4 [Fe/H]). For the other a elements 
( 20 Ne, 24 Mg, 28 Si, 32 S, 36 Ar, 40 Ca, 48 Ti) we adopt a linear 
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Figure 4. Top panel: elemental composition in the envelope after different TDU episodes (labeled as n(i )), for an AGB mo del of 
initial mass M = 1.5 Mq, initial metallicity [Fe/H] = —2.6, and standard choice of the 13 C-pocket (case ST. lGallino et al1|l998t ). The 
labels l n0' stands for the initial composition. Note that after 15 TPs, the abundances [El/Fe] reach an asymptotic value (the label 
'El' st ands for a generic element). The initial Cr and Mn abundances are chosen in agreement with the observations of unevolved halo 
stars jCavrel et alj|2004 iFrancois et al. 120041) . The assumed value [Mn/Fe] = -0.4 may increase up to [Mn/Fe] ~ -0.1 due to NLTE 
corrections llBereeniairn^r*G*elrren[l20*0*^ ) . Bottom panel: for comparison, we report the similar case for a model with the same initial 
mass, but at [Fe/H] = 0. These models are for intrinsic AGBs ([Zr/Nb] ~ 1, sec Sect. [3721 . Note the difference of scale between the two 
plots. 



relation [a/Fe] = —0.3 [Fe/H] at disk metallicities (—1 ^ 
[Fe/H] ^ 0), and an average constant [a/Fe] = 0.3 dex for 
[Fe/H] —1 following the trend observe d in unevolved stars 
jCavrel et aill2004l ; [Francois et al.ll2004r i. 
We took into account the effect of the first dredge- up 
jBusso. Gallino fc Wasserburdli"999l) and second dredge- up 
(SDU occurring in IMS, Lattanzio et al.lll996l ; iBusso et al.l 
1 19991 ) in the initial C, N, O composition of our AGB mod- 
els. Concerning nitrogen, we assumed an initial value after 
the first dredge up [N/Fe] = 0.3 - 0.4, depending on the 
ma ss of the AGB, as pred icted by full evolutionary models 
by ICristallo et all |2009al lbT). The higher surface predicted 
value for [N/Fe] in the AGB phase derives from dredging to 
the surface also the ashes of the temporary inactivated H- 
burning shell, where all CNO isotopes are almost converted 
to 14 N, including the primary 12 C that is present in the en- 



velope due to previous TDU episodes. As a consequence, 
[N/Fe] increases with the number of TDU episodes. 



3 RESULTS AND DISCUSSION 
3.1 The three s-process peaks 

Nuclei with a magic neutron number (N = 50, 82, and 126) 
are essentially produced by the s-process, since their low 
neutron capture cross sections act as a bottleneck for the 
s-path. 

In Fig. [4] we shown the envelope abundances after each 
TDU for an AGB model of initial mass M = 1.5 Mq, a 
case ST and [Fe/H] = —2.6 (top panel). As a comparison, 
we plot the envelope abundances for the same case, but at 
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Figure 5. Top panel: elemental composition in the envelope at the last TDU, for AGB models of initial mass M = 1.5 Mq, initial 
metallicity [Fe/H] = —2.6, and different choices of the 13 C-pocket efficiency. Similar results are predicted for M = 2.0 Mq. In the on 
line material, Fig. lCll the same plot is shown for an AGB model of initial mass M = 1.3 Mq. Bottom panel: the same as top panel, but 
at [Fe/H] = 0. These models are for intrinsic AGBs ([Zr/Nb] ~ 1, see Sect. HP]}. 



[Fe/H] = (bottom panel). We underline the completely dif- 
ferent shapes of the two distributions. At low metallicities 
a distribution weighted toward heavier elements emerges: 
in particular, already after the first TDU, lead receives 
an extraordinary contribution ([Pb/Fe] ~ 4.1), producing 
also a huge amount of 209 Bi by neutron captures on 208 Pb 
([Bi/Fe] ~ 3.9). This occurs because 56 Fe (the seed of the s- 
process) decreases with metallicity, thus the number of neu- 
trons available per iron seed increas es, due to the fact that 
the 13 C neutron source is primary (|Clavtonlll983) . Hence, 
the neutron fl uence overcomes the first two peaks, directly 
feeding 208 Pb JGallino et al ] | 19981 : iGorielv fc Mowlavill200d : 
iTravaglio et al"l200lh . Note that the increase of heavy ele- 
ments is more pronounced during the first TPs, achieving 
an asymptotic trend beyond the 10 th TDU. 
During the TDU, also the material of the H-shell is carried 
to the surface: this zone is rich of primary 14 N produced 
from primary 12 C during the CNO cycle. The nitrogen sur- 
face prediction takes into account for this primary 14 N, and, 



therefore, [N/Fe] increases with the number of TDU episodes 
and by decreasing the metallicity. Carbon is efficiently en- 
hanced in the envelope at [Fe/H] = —2.6 already at the first 
TDUs (for the case ST we predict [C/Fe] ~ 2.7, Fig. g] top 
panel). The overproduction of carbon, in fact, increases by 
decreasing the metallicity due to the primary amount of 12 C 
and to the deeper TDUs as well (Section [2]). Two further 
peaks are predicted: at Sn (before hs) and at Hf/W (before 
Pb/Bi). These elements receive an s-process contribution to 
the solar abundances of Sn s = 66%, Hf s = 59%, Ta s = 45%, 
W s = 64% (see Appendix EJ. 

Fig- HI top panel, shows AGB models of M — 1.5 Mq at 
[Fe/H] = —2.6, by varying the efficiency of the 13 C-pocket. 
Similarly, we show in Fig. [5] bottom panel, the same result 
at solar metallicity. The solid heavy line represents the case 
ST. Decreasing the 13 C-pocket efficiency to ST/24, lead is 
reduced of more than 1 dex with respect to the ST case. At 
[Fe/H] = -2.6, for 13 C-pockets < ST/75, the 13 C is negli- 
gible and the s-process production is principally due to the 
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Figure 6. Elemental composition in the envelope at the last TDU, for AGB models of initial metallicity [Fe/H] 
initial masses: 1.2 < M/Mq < 2.0 (cases ST). 



-2.6, but different 



22 Ne(a, n) 25 Mg reaction activated during the TPs. Some 
production of the Is elements is still observed with a case 
ST/150. 

In Table [1] we list the theoretical predictions for elements 
from Sr to Bi at the last TDU for an initial mass M = 1.5 
Mq at [Fe/H] = —2.6 and different 13 C-pocket efficiencies 
(ST, ST/12, ST/45, ST/75). In Col.s 3 to 6 we shown the 
[El/Fe] predictions, which, in Col.s 7 to 10, are normalised to 
europium in logarithmic scale [El/Eu] (the label 'El' stands 
for a generic element). The case ST predicts [hs/ls] = 0.6 
(Col. 3), while [hs/ls] reaches —0.25 by decreasing the s- 
process efficiency down to ~ ST/70 (similarly to the case 
ST at [Fe/H] = -0.3, see Appendix EJ. Since europium is 
an element with dominating r-process abundances, the lan- 
thanum/europium ratio provides a measure of the s- and 
r-process components in halo stars. A pure s-process con- 
tribution predicts 0.8 sC [La/Eu] s < 1.1 at [Fe/H] = -2.6 
(Cols. 7 to 10). Values [La/Eu] s < 0.4 indicate stars that 
have experienced an important r-process contribution in ad- 
dition to the s-process enhancements (see Paper II). 
Another parameter affecting the overabundances is the ini- 
tial AGB mass, which determines not only the s-process el- 
ement abundances, but also some of the light element abun- 
dances (like Na and Mg), which are not affected by the 13 C- 
pocket efficiency (see Section[5]for a detailed description). In 
Fig. HJ] we show a comparison of the theoretical results ob- 
tained for 1.2 < M/Mq < 2.0. The limited number of TDUs 
for the lowest mass models explains the smaller abundances. 
Changing the initial mass, we predict variations up to 2.5 
dex for the light elements (as Na and Mg, as discussed in 
Section [5}, 1.5 dex for the Is peak, about 2 dex for the hs 
peak and 1.5 dex for Pb. In Appendix B (Section lBl[) . we list 
surface elemental predictions at [Fe/H] = —2.6 for different 
initial AGB masses: A/Ap B = 1.3, 1.4, 1.5 and 2.0 Mq. 

In order to extend our theoretical analysis to different 
stellar populations, we discuss the AGB results by vary- 
ing the metallicity. In Figs. [7] to [5] we present theoretical 
predictions of [ls/Fe], [hs/Fe] and [Pb/Fe] versus [Fe/H] for 
AGB models with initial masses M — 1.3, 1.5 and 2.0 Mq 



and different 13 C-pocket efficiencies (from STx2 down to 
ST/150). In Appendix B (Section \B2\ , we give tabulated 
surface predictions, for AGB initial masses M — 1.3 and 
1.5 M Q , -3.6 sC [Fe/H] sC -1.0, and two choices of the 13 C- 
pocket, (ST and ST/12). Obviously, models with more TDU 
(Fig. [T] and [2} show larger surface s-process enhancements. 
In Table [2] we list the number of pulses with TDU experi- 
enced by each model. Results from 1.5 and 2 Mq models 
are in general quite similar (Fig. [7] middle and bottom pan- 
els). Depending on the metal content and on the efficiency 
of the 13 C-pocket, the behaviour of the [ls/Fe] peak is highly 
non linear as a function of the metallicity and on the 13 C 
amount. For example in the ST case of the M — 1.5 Mq 
model, the [ls/Fe] ratio increases starting from solar down 
to [Fe/H] ~ —0.8, where there is a local maximum. Then, 
[ls/Fe] decreases down [Fe/H] ~ —1.5, because the s-path 
overcomes the Is (and hs) elements feeding lead. Further 
decreasing the metallicity ([Fe/H] < —1.5), [ls/Fe] increases 
again. This is the consequence of the primary 22 Ne contribu- 
tion, which provides an additional neutron exposure. In fact, 
by decreasing the metallicity, a progressively high amount 
of primary 22 Ne is produced in the advanced pulses, by the 
conversion of primary 12 C to primary 14 N in the H-burning 
ashes followed by double a capture on the 14 N in the early 
phases of the next TP (see Section [4] for further explana- 
tions). For less efficient 13 C-pockets, e.g. the case ST/ 12, 
the highest [ls/Fe] value is shifted toward lower metallicities 
([Fe/H] ~ "2), because of the lower number of neutrons 
produced. For [Fe/H] ^ —2, a flat behaviour is achieved. 
The [hs/Fe] trend is similar to the behaviour previously dis- 
cussed for [ls/Fe], but with slightly different slopes (Fig. [8j) . 
As for [ls/Fe], a primary 22 Ne contribution to [hs/Fe] is ob- 
served for [Fe/H] < —2. When the hs-peak reaches a local 
maximum, the hs nuclei are used for the production of lead. 
[Pb/Fe] increases by decreasing the metallicity, covering a 
range of 4 orders of magnitude (Fig. [5J. The results for 
[Pb/Fe] varying the initial stellar mass is very similar, with 
higher overabundances according to the rising number of 
TPs. 



s-Process in Low Metallicity Stars. I. 9 



Table 1. Theoretical predictions of [El/Fe] and [El/Eu] for elements from Sr to Bi (the label 'El' stands for a generic element), at [Fe/H] 
= -2.6, for M = 1.5 Mq models and various choices of the 13 C-pocket (ST, ST/12, ST/45, ST/75). 



M = 1.5 A/ 
[Fe/H] = -2.6 



El 


Z 






[El/Fe] 






[El/Eu] 










ST 


ST/12 


ST/45 


ST/75 


ST 


ST/12 


ST/45 


ST/75 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


Sr 


38 


1.42 


2.25 


2.00 


1.81 


0.16 


0.53 


0.92 


1.36 


Y 


39 


1.46 


2.41 


2.08 


1.85 


0.20 


0.69 


1.00 


1.40 


Zr 


40 


1.45 


2.45 


2.02 


1.76 


0.19 


0.73 


0.94 


1.31 


Nb 


41 


1.47 


2.49 


2.05 


1.78 


0.21 


0.77 


0.97 


1.33 


Mo 


42 


1.33 


2.33 


1.85 


1.55 


0.07 


0.61 


0.77 


1.10 


Ru 


44 


1.07 


2.00 


1.56 


1.27 


-0.19 


0.34 


0.48 


0.82 


Rh 


45 


0.71 


1.67 


1.19 


0.92 


-0.55 


-0.05 


0.11 


0.48 


Pd 


46 


1.08 


2.07 


1.63 


1.35 


-0.18 


0.35 


0.55 


0.90 


Ag 


47 


0.72 


1.68 


1.26 


1.00 


-0.54 


-0.04 


0.18 


0.55 


Cd 


48 


1.18 


2.10 


1.76 


1.47 


-0.08 


0.44 


0.68 


1.02 


In 


49 


1.01 


1.96 


1.56 


1.27 


-0.25 


0.24 


0.48 


0.82 


Sn 


50 


1.42 


2.36 


1.87 


1.54 


0.16 


0.64 


0.79 


1.09 


Sb 


51 


1.11 


2.02 


1.51 


1.17 


-0.15 


0.30 


0.43 


0.72 


Te 


52 


0.99 


1.88 


1.37 


1.03 


-0.27 


0.10 


0.29 


0.58 


I 


53 


0.55 


1.37 


0.88 


0.57 


-0.71 


-0.35 


-0.20 


0.13 


Xe 


54 


1.09 


1.95 


1.43 


1.06 


-0.17 


0.23 


0.35 


0.61 


Cs 


55 


0.91 


1.77 


1.29 


0.92 


-0.35 


0.05 


0.21 


0.48 


Ba 


56 


2.03 


2.73 


2.17 


1.63 


0.77 


1.01 


1.09 


1.18 


La 


57 


2.00 


2.69 


2.12 


1.52 


0.80 


0.97 


1.04 


1.07 


Ce 


58 


2.23 


2.77 


2.16 


1.47 


0.97 


1.05 


1.08 


1.02 


Px 


59 


2.01 


2.55 


1.96 


1.27 


0.75 


0.83 


0.88 


0.82 


Nd 


60 


2.11 


2.02 


2.00 


1.28 


0.85 


0.90 


0.92 


0.83 


Sm 


02 


1.96 


2.44 


1.79 


1.06 


0.70 


0.72 


0.71 


0.61 


Eu 


63 


1 20 


1 72 


1 08 


45 


o oo 


o oo 


00 


00 


Gd 


64 


1.68 


2.16 


1.49 


0.79 


0.42 


0.44 


0.41 


0.34 


Tb 


65 


1.44 


1.91 


1.25 


0.57 


0.18 


0.19 


0.17 


0.13 


Dy 


66 


1.68 


2.14 


1.46 


0.76 


0.42 


0.42 


0.38 


0.31 


Ho 


67 


1.44 


1.89 


1.21 


0.55 


0.18 


0.17 


0.13 


0.10 


Er 


68 


1.81 


2.26 


1.57 


0.85 


0.55 


0.54 


0.49 


0.41 


Tin 


69 


1.67 


2.11 


1.42 


0.72 


0.41 


0.39 


0.34 


0.27 


Yb 


70 


2.15 


2.58 


1.87 


1.13 


0.89 


0.86 


0.79 


0.68 


Lu 


71 


1.87 


2.28 


1.58 


0.85 


0.61 


0.56 


0.50 


0.41 


Hf 


72 


2.33 


2.75 


2. or, 


1.28 


1.07 


1.03 


0.97 


0.83 


Ta 


73 


2.21 


2.62 


1.92 


1.16 


0.95 


0.90 


0.84 


0.71 


W 


74 


2.33 


2.75 


2. or, 


1.27 


1.07 


1.03 


0.97 


0.82 


Re 


75 


1.77 


2.13 


1.41 


0.70 


0.51 


0.41 


0.33 


0.25 


Os 


76 


1.64 


2.04 


1.35 


0.63 


0.38 


0.32 


0.27 


0.18 


Ir 


77 


0.82 


1.19 


0.56 


0.09 


-0.44 


-0.53 


-0.52 


-0.35 


Pt 


78 


1.41 


1.80 


1.11 


0.43 


0.15 


0.08 


0.03 


-0.02 


Au 


79 


1.38 


1.76 


1.07 


0.40 


0.12 


0.04 


-0.01 


-0.05 


Hg 


80 


2.40 


2.77 


2. or, 


1.20 


1.14 


1.05 


0.97 


0.81 


Tl 


81 


2.46 


2.72 


1.93 


1.16 


1.20 


1.00 


0.85 


0.71 


Pb 


82 


4.07 


3.26 


1.98 


1.12 


2.81 


1.54 


0.90 


0.67 


Bi 


83 


3.93 


2.90 


1.45 


0.58 


2.67 


1.24 


0.37 


0.13 


[hs/ls] 




0.59 


0.15 


-0.08 


-0.52 










[Pb/hs] 




2.03 


0.68 


0.01 


-0.17 











Table 2. We listed the number of pulses with TDU experienced by each model. 



Stellar Mass (Mq) [Fe/H] Number of TDUs [Fe/H] Number of TDUs 



1.3 





-0.3 





from —0.5 down to —3.6 


5 


1.4 





-0.3 


10 


from —0.5 down to —3.6 


10 


1.5 





-0.3 


19 


from —0.8 down to —3.6 


20 


2.0 





-0.3 


22; 25 


from —0.5 down to —3.6 


26 


3.0 





-0.3 


25 


—0.5; from —0.8 down to —1.6 


26; 35 


5.0 





-0.3 


24 


from —0.5 down to —1.6 


24 


7.0 





-0.3 


24 


from —0.5 down to —1.6 


24 



The difference s between models presented here and pre - 
vious publications (jBisterzo et al.|[2009l ; ISneden et al.|[2008h 
are principally due to the correction of a past bug in the 
code, where we did not account for the poisoning effect of 
le O in the pocket produced by the 13 C(a, n) 16 reaction. 
While no variations in the s-process abundances are found 
from solar metallicity down to [Fe/H] = —1.6, at halo metal- 
licities, the s-process abundances may be strongly reduced 



for high C-pocket efficiencies. For cases STx2 down to ST 
variations up to 0.5 dex are obtained for M = 1.5 and 2 
Mq. Even higher variations (up to 0.8 dex) are obtained for 
AGB models of M = 1.3 and 1.4 Mq. Changes lower than 
0.1 dex are observed for cases < ST/1.5. 

The addition of proton captures in the network does 
not involve variations in the s-process elements production, 
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Figure 7. Theoretical results of [ls/Fe] versus metallicity, for 
AGB models of initial mass M = 1.3 Mq (top panel), M = 1.5 
Mq (middle panel) and M = 2.0 Mq (bottom panel). A wide 
range of 13 C-pocket efficiencies is presented. A 1.3 Mq model 
undergo es TDU episodes start ing from [Fe/H] —0.6 (see Figs. 2 
and 3 of lStraniero et al.ll2003h . 



however have a key role in improving the prediction of fluo- 
rine (Sect. [5}. 



3.2 Nb and Zr predictions and their significance. 

An intrinsic AGB is a star with high luminosity and low log 
g that lies on the TP- AGB or Post- AGB phase. An extrin- 
sic AGB is located on the main-sequence or on the red giant 
branch. In this case, which is the case for CEMP-s stars, the 
s-process abundances are due to mass transfer from a more 



[Fe/H] 

Figure 8. The same as Fig. [7] but for [hs/Fe]. 



massive AGB compan ion, which now is cooling al ong the 
white dwarf sequence jWallerstein fc Dominvlll988r i. These 
two classes can be discerned by studying the abundances 
of two elements: Tc and Nb. Long-lived isotopes fed by the 
s-process, like "Tc (t 1/2 = 2x 10 5 yr), can be observed in 
intrinsic AGB stars, as first discovered bv lMerrilll l| 19521 ). As 
the interpulse phase in LMS has a typical period of the order 
of 10 4 yr, 99 Tc, brought into the surface after the TDU, does 
not have time to completely decay. Spectroscopic observa- 
tions of disk metallicity stars were done in the past for MS, 
S, C(N) stars, i n order to search for intrinsic AGBs by de- 
tecting Tc lines JSmith fc LambertJ I 19881. Il99tj ; iBrown et all 



ll990l : lBusso et al.ll200ll : 



Abia et al 



2002). 



Another key element to discriminate between intrin- 
sic and extrinsic AGB stars is niobium. According to 
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Figure 9. The same as Fig. [7] but for [Pb/Fe]. 



lArlandini et al. | ( |l999h . solar Nb ( 93 Nb), which is bypassed 
by the s-process fluence, receives a contribution of 85% from 
the s-process (see also Appendix A) by radiogenic decay of 
93 Zr (ii/2 = 1-5 Myr). This latter isotope is strongly fed by 
the s -process becaus e of its low neutron caption cross sec- 
tion l|Bao et al.ll2000l ). The long lived isotope 93 Zr partially 
decays into 93 Nb during the interpulse phase and, at each 
TDU, newly synthesised 93 Zr is mixed within the envelope. 
In intrinsic AGB stars, a fraction of Nb is produced in the 
envelope by the decay of 93 Zr. Instead, for extrinsic AGBs, 
all the 93 Zr produced by the s-process already decayed into 
93 Nb. Then, for an intrinsic AGB, such as CEMP-s stars, 
we expect [Zr/Nb] ~ 1 (dashed line of Fig. [T0|) . while for an 
extrinsic AGB [Zr/Nb] ~ (solid line of Fig. ITU) . 



§5 
5 



M = 1.5 M case ST 



[Fe/H] = -2.60 




Atomic Number 

Figure 10. Theoretical predictions for [Zr/Fe] and [Nb/Fe] in 
an extrinsic (solid line) and an intrinsic (dashed line) AGB, with 
initial mass M = 1.5 M , and [Fe/H] = -2.6. The efficiency of 
the 13 C-pocket has been set to the ST case. 



3.3 Intrinsic s-process indexes 



As demonstrated in Sect. 13.11 in AGB stars s-rich material 
coming from the He-intershell is mixed with the AGB enve- 
lope during each TDU and thus [ls/Fe], [hs/Fe] and [Pb/Fe] 
increase with the number of TDUs. The elemental distribu- 
tion after each TDU represents therefore the surface com- 
position of the star. 

Instead, in extrinsic AGBs, we do not observe the pris- 
tine amount of material synthesised since this material may 
undergo further mixing with the envelope of the extrinsic 
AGB star. Low mass main-sequence stars have a very thin 
convective envelope. In this case thermohaline mixing or 
gravit ational settling could dilute the original AGB mate- 
rial dDenissenkov fc Pinsonneaultl 120081; iDenissenkov et al.l 
20091; IStancliffe et al.1 |2008[; ICharbonnel fc Zahnl 120071 ; 
Eggleton et al.ll2006l ; IVau clair 2004). Red giants instead have 
extended convective envelopes in which the original AGB 
material is diluted. The dilution factor of the AGB material 
can be calculated using the formul4f|: 



[El ob 7Fe] = log(10 



[E1agb/Fc]- 



dil . ^Q[E1 4 /Fe] 



(1-10-^)), (5) 



where [El/Fe] obs is the overabundance measured in the ex- 
trinsic star, [El/Fe] AGB is the amount of the element 'El' in 
the AGB envelope. The dilution dil, chosen for each star in 
order to obtain a best fit of the experimental data, is defined 
as the mass of the convective envelope of the observed star 
(Af° bs ) over the material transferred from the AGB to the 
companion (MX^b)- 



6 This equation is obtained starting from the simple hypothesis 
that 



M° b 



E! 



AGB 



■ AM 



AGB 



•El! 



where El° bs is the mass fraction of the element 'El' observed in the 
extrinsic star, E1™q b is the mass fraction of the element 'El' in the 
material transferred from the AGB to the companion, ElJ nv is the 
mass fraction of the element 'El' in the envelope of the observed 
star before the mass transfer, M° bs is the envelope mass of the 
observed star, A/kfJJS.^ is the material transferred from the AGB 
to the companion, and M™ v is the envelope mass of the observed 
star before the mass transfer. 
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Table 3. The [ls/Fe], [hs/Fe], [Pb/Fc], [hs/ls] and [Pb/hs] predicted ratios by varying the 13 C-pocket efficiency, for AGB stellar models 
of M = 1.3, 1.4, 1.5 and 2 M Q , at [Fe/H] = -2.6. 



Mass 




13 C-pocket 


STx2 


STxl.3 


ST 


ST/1.5 


ST/2 


ST/3 


ST/4.5 


ST/6 






[ls/Fe] 


0.63 


0.49 


0.41 


0.35 


0.34 


0.41 


0.51 


0.58 


M = 


1.3 Mq 


[hs/Fe] 


1.04 


0.86 


0.77 


0.72 


0.76 


0.91 


1.08 


1.29 






[Pb/Fe] 


3.27 


3.24 


3.22 


3.21 


3.20 


3.18 


3.16 


3.13 






[hs/ls] 


0.41 


0.37 


0.36 


0.38 


0.42 


0.51 


0.58 


0.72 






[Pb/hs] 


2.23 


2.38 


2.45 


2.49 


2.44 


2.27 


2.08 


1.84 






[ls/Fe] 


1.42 


1.22 


1.11 


1.04 


1.05 


1.16 


1.43 


1.65 


M = 


1.4 M 


[hs/Fe] 


1.77 


1.54 


1.47 


1.52 


1.69 


2.09 


2.30 


2.41 






[Pb/Fe] 


3.86 


3.80 


3.78 


3.75 


3.74 


3.69 


3.62 


3.54 






[hs/ls] 


0.35 


0.33 


0.37 


0.48 


0.64 


0.93 


0.88 


0.76 






[Pb/hs] 


2.09 


2.26 


2.31 


2.23 


2.05 


1.1)0 


1.32 


1.13 






[ls/Fe] 


1.69 


1.51 


1.46 


1.51 


1.66 


2.00 


2.25 


2.35 


M = 


1.5 M Q 


[hs/Fe] 


2.11 


1.96 


2.04 


2.42 


2.60 


2.73 


2.83 


2.80 






[Pb/Fe] 


4.16 


4.10 


4.07 


4.02 


3.98 


3.88 


3.72 


3.60 






[hs/ls] 


0.42 


0.45 


0.59 


0.91 


0.95 


0.73 


0.59 


0.45 






[Pb/hs] 


2.05 


2.14 


2.03 


1.60 


1.38 


1.15 


0.89 


0.80 






[ls/Fe] 


1.93 


1.68 


1.52 


1.41 


1.40 


1.51 


1.78 


2.00 


M = 


2.0 Mq 


[hs/Fe] 


2.37 


2.08 


1.93 


1.88 


2.02 


2.41 


2.62 


2.73 






[Pb/Fe] 


4.29 


4.18 


4.14 


4.10 


4.07 


4.03 


3.96 


3.88 






[hs/ls] 


0.44 


0.41 


0.41 


0.48 


0.63 


0.90 


0.84 


0.74 






[Pb/hs] 


1.92 


2.10 


2.21 


2.22 


2.05 


1.62 


1.34 


1.15 



Mass 




13 C-pocket 


ST/9 


ST/12 


ST/18 


ST/24 


ST/30 


ST/45 


ST/ 75 


ST/150 






[ls/Fe] 


0.71 


0.89 


1.22 


1.40 


1.49 


1.55 


1.46 


0.49 


M = 


1.3 M S 


[hs/Fe] 


1.68 


1.88 


2.01 


2.04 


2.02 


1.83 


1.05 


0.13 






[Pb/Fe] 


3.07 


2.99 


2.81 


2.62 


2.40 


1.77 


0.89 


0.03 






[hs/ls] 


0.97 


0.99 


0.79 


0.64 


0.53 


0.28 


-0.40 


-0.36 






[Pb/hs] 


1.39 


1.11 


0.80 


0.58 


0.38 


-0.06 


-0.16 


-0.10 






[ls/Fe] 


1.88 


1.99 


2.08 


2.09 


2.06 


1.95 


1.70 


0.82 


M = 


1.4 Mq 


[hs/Fe] 


2.51 


2.49 


2.42 


2.33 


2.25 


1.99 


1.29 


0.21 






[Pb/Fe] 


3.40 


3.26 


3.02 


2.81 


2.58 


2.01 


1.12 


0.12 






[hs/ls] 


0.63 


0.50 


0.34 


0.24 


0.19 


0.05 


-0.41 


-0.61 






[Pb/hs] 


0.89 


0.77 


0.60 


0.48 


0.33 


0.02 


-0.17 


-0.09 






[ls/Fe] 


2.44 


2.43 


2.35 


2.28 


2.20 


2.05 


1.81 


1.22 


M = 


1.5 M 


[hs/Fe] 


2.68 


2.58 


2.45 


2.33 


2.23 


1.97 


1.29 


0.26 






[Pb/Fe] 


3.41 


3.26 


3.00 


2.78 


2.56 


1.98 


1.12 


0.21 






[hs/ls] 


0.25 


0.15 


0.10 


0.06 


0.03 


-0.08 


-0.52 


-0.95 






[Pb/hs] 


0.73 


0.68 


0.55 


0.45 


0.33 


0.01 


-0.17 


-0.05 






[ls/Fe] 


2.22 


2.34 


2.45 


2.46 


2.44 


2.32 


2.06 


1.35 


M = 


2.0 Mq 


[hs/Fe] 


2.85 


2.85 


2.75 


2.67 


2.58 


2.17 


1.46 


0.30 






[Pb/Fe] 


3.73 


3.58 


3.32 


3.06 


2.79 


2.20 


1.29 


0.18 






[hs/ls] 


0.63 


0.51 


0.30 


0.21 


0.14 


-0.14 


-0.60 


-1.05 






[Pb/hs] 


0.88 


0.73 


0.57 


0.39 


0.21 


0.03 


-0.17 


-0.12 



dil = log — £ . (6) 

In this context, the [hs/ls] and [Pb/hs] ratios are ex- 
tremely valuable indexes for the s-process as they are in- 
dependent both on the TDU efficiency in the AGB star as 
well as the dilution of the AGB material onto the compan- 
ion. Moreover, the [hs/ls] ratio may give a constrain on the 
initial AGB mass because, with increasing the mass (and 
decreasing the metallicity) , the elements of the first s-peak 
receive a significant contribution from the 22 Ne(a, n) 25 Mg 
neutron source during the convective TP. In Table [3] we list 
the values of the intrinsic index [hs/ls] at [Fe/H] = — 2.6 
by changing the 13 C-pocket, for various AGB initial masses. 
The [hs/ls] ratio may give a constraint on the initial mass, 
and it can be an indicator of the s-process efficiency as well. 
For example, by comparing M — 1.3 and 1.5 Mq, the case 
ST/12 predicts [hs/ls] ~ 1.0 dex and ~ 0.2 dex, respectively. 
In Fig. 111! we show the [hs/ls] theoretical predictions versus 
metallicity for AGB models of M = 1.3, 1.5 and 2.0 Af s . 
While in disk metallicity stars ([Fe/H] > —1.5), the ratio 



[hs/ls] provides strong constraints on the mass and on the 
13 C-pocket efficiency, at low metallicities ([Fe/H] ^ —1.5) 
models characterised by the same [hs/ls] value could show 
different [Pb/Fe] values. For example, for a M — 1.3 Mq 
model at [Fe/H] = -2.5, the ST/3 and ST/30 cases pre- 
dict the same [hs/ls] ~ 0.5, while they have [Pb/Fe] ~ 3.2 
and 2.4, respectively (see Figs. [91 and 111! top panels). An- 
other s-process indicator is therefore required to discern 
between different theoretical models: [Pb /hs] (or [Pb/ls]), 
(|Delaude et alj|2004 FVan Eck et alj|2003h . In Fig.[l2l theo- 
retical predictions of [Pb/hs] versus metallicity are shown for 
different 13 C-pockets and different masses (M — 1.3, 1.5 and 
2.0 Mq). These values are also listed in TableEJat [Fe/H] = 
—2.6. [Pb/hs] ratio covers a large spread (0 < [Pb/hs] < 2, 
Fig. ll2[) . The maximum amount of 13 C and 14 N in the pocket 
and different hydrogen profiles (then the amount of 13 C and 
14 N in the tails of the pocket) modify the final s-process 
distribution. This explains possible differences between the 
range of [hs/ls] and [Pb/hs] predicted by our models and 
other results presented in the literature (see Bisterzo et al., 
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Figure 11. The same as Fig. [7] but for [hs/ls]. 
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Figure 12. The same as Fig. [7] but for [Pb/hs], 



in preparation). 

In Figs. IC2l and lC3l (Appendix C, online material), we show 
[ls/Fe], [hs/Fe], [Pb/Fe] and [hs/ls] and [Pb/hs] for M = 5 
Mq in the metallicity range —1.6 ^ [Fe/H] ^ 0. Note as 
the range of 13 C-pockets adopted has a negligible influence 
on the [ls/Fe] ratio (~ 0.3 dex). As expected, lead is more 
sensible to the 13 C-pocket efficiency, showing however a re- 
duced spread with respect to lower stellar masses (Fig. IC2I 
bottom panel, Appendix C, online material). For M = 3 Mq 
a behaviour similar to IMS stars is expected for halo metal- 
licities (see Section Fig|3}. We show in Figs. IC4l and IC5l 
(Appendix C, online material), the three s-peak predictions 
in the metallicity range —1.6 ^ [Fe/H] ^ 0. 



4 THE IMPORTANCE OF THE PRIMARY 
22 NE AT LOW METALLICITIES 

At very low metallicities, a primary production of 22 Ne, 
which increases with the initial mass, results in the ad- 
vanced pulses by the conversion of primary 12 C to primary 
14 N in the H-burning ashes, via 14 N(q 7) 18 F(^+zy) 18 Q and 
18 Q(q, 7) 22 Ne rea c tion during TPs (|Mowlavi et al.l Il999l ; 
iGallino et all 120061 ; iHusti et alj I2007T ). The production of 
primary 22 Ne is more efficient at lower metallicities because 
a larger abundance of primary 12 C is mixed with the en- 
velope at each TDU episode. The subsequent activation of 
the H-shell converts almost all CNO nuclei into 14 N. This 
amount of primary 14 N is left in the H-burning ashes and 
during the subsequent TP is converted into primary 22 Ne. 
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Figure 13. Top panel: theoretical predictions of AGB models 
of M = 1.5 Mq for a test case with no 13 C-pocket (case ST = 
0). The line with squares stands for the ordinary case, while the 
line with circles corresponds to a case with the cross section of 
22 Ne(n, 7) 23 Ne put to zero. Bottom panel: The same as top panel 
but with a ST 13 C-pocket. 
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Figure 14. Theoretical predictions of AGB models of M = 1.5 
Mq and case ST/12. The line with full squares stands for the 
ordinary case, while the line with empty circles corresponds to a 
case with the initial abundances of elements from 56 Fe to 209 Bi 
put to zero. 



To test the effect of neutron captures on Ne, we show 
in Fig. 1131 the theoretical prediction for AGB models of M = 
1.5 M @ and [Fe/H] = -2.6, without 13 C-pocket (case ST = 
0, top panel) and with a case ST (bottom panel) . Solid lines 
represent the ordinary cases, while the dashed lines corre- 
spond to cases with the cross section of 22 Ne(n, 7) 23 Ne set 
to zero. Concerning light elements, this test mainly affect 
23 Na, which decreases more than 2 dex, thus highlighting 
the primary production of 23 Na via 22 Ne(n, 7). For Z > 
30, the larger amount of available neutrons feeds the pro- 
duction of the elements up to lead (blue dotted lines). This 
makes 22 Ne, as well as 23 Na, the main neutron poison at low 
metallicity during the 22 Ne neutron burst. As illustrated in 
Fig. 1131 bottom panel, for a ST case of s-process efficiency, 
22 Ne remains the most efficient neutron poison even inside 
the 13 C-pocket during the interpulse phase. Decreasing the 
initial AGB mass, the poison effect is visible only for efficient 
13 C-pocket. For higher metallicities this effect decrease s, be- 
coming negligible at [Fe/H] = -1 (|Gallino et alj|2006h . 
Primary 22 Ne plays a second role at low metallicities, be- 
coming an iron seed producer for a primary s-process chain, 
depending on the adopted 13 C-pocket. Even if the neutron 
capture cross section of 22 Ne is very small, not only the light 
elements as 23 Na and the Mg isotopes are produced, but the 
neutron capture chain extends up to 56 Fe, replenishing the 
starting seed for the production of s-elements. This is shown 
in Fig.[H for a low 13 C-pocket (ST/12) and [Fe/H] = -2.6. 
Even if we set the initial abundances from 56 Fe to 209 Bi 
to zero, some primary iron and a consistent amount of pri- 
mary s-elements are produced. When neutrons are largely 
produced by the 13 C(a, n) le O reaction as tests with higher 
13 C-pockets demonstrate (e.g. a case ST x 2), a high per- 
centage of s elements is primary (produced directly by neu- 
tron capture on 22 Ne), and the s-element abundances are 
about 0.2 dex lower than the standard case. The primary 
16 O and 12 C produced at low metallicities act also as neu- 
tron poison during the pocket (see online material, Fig. IC6I) . 
We tested also the poison effect of other light elements that 
show minor or negligible differences. 



5 NA AND MG AS INITIAL MASS 
INDICATORS 

As discussed in Section [3] a progressive amount of primary 
22 Ne is produced in the He-intershell from the CNO cy- 
cle during the H-burning shell. The effect is a primary pro- 
duction of 23 Na via 22 Ne(n,7) 23 Na, followed by the nucle- 
osynthesis of M g via 23 Na(n,7) 24 Mg , 22 Ne(«,n) 25 Mg an d 
22 Ne(a,7) 26 Mg (|Mowlavi et all 1 19991 ; [Gallino et alj 120061 ). 
This chain involves light elements up to P, including Al and 
Si. In Fig. 1151 top panel, we show the [El/Fe] predictions 
in the region of the light elements, in a stellar mass range 
1.2 < M/Mq < 2, for a case ST and [Fe/H] = -2.6. The 
production of the light elements as Ne, Na, Mg, and P is 
strongly dependent on the initial AGB mass. In particular, 
differences higher than 2.5 dex are observed between M — 
1.2 and 1.5 Mq. The production of primary 22 Ne increases 
at lower metallicity (Fig. 1151 bottom panel, for a M = 1.5 
Mq and a case ST), due to the higher production of 22 Ne in 
the H-burning ashes, thus explaining the slope predicted for 
[Na/Fe], [Mg/Fe], and other light elements. In particular, Na 
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Figure 15. Top panel: theoretical predictions of light elements 
for different initial masses, [Fe/H] = —2.6 and a ST case. Bottom 
panel: theoretical predictions of the light elements in the region 
between Ne up to Si as a function of metallicity, for an AGB 
model of M = 1.5 Mq and ST case. 



(and Mg) are indicator of the mass of the A GB companion 
which polluted the observed CEMP-s stars (|Bisterzo et al.l 
l2006bl ; Paper II). 

We also remind that Na can be produced in IMS mod- 
els by hot bottom b urnin g dSugimotol 197ll; Ibenl 19731 ; 
iKarakas fc Lattanziol 120031 : IVentura fc D'Antonal l2005h . 
which is not included in our models. 

Fig. 1151 top panel, shows a huge amount of fluorine pro- 



duced in AGB stars via the chain 8 0(p, a) ib N(a, 7) a F, 
where protons are produced via 14 N(n, p) 14 C, neutrons 
via 13 C(a, n) 1 6 reaction and 18 Q via the chain * 4 N(q , 
7) 18 F(/3+) 18 (|Lugaro et alj|2004 120081 ; lAbia et al J 120091 ). 
With the addition of proton captures in the network, the 
prediction of [F/Fe] increased by about 2 dex. We estimate 
a further increase by about 0.3 dex du e to the primary 
13 C from H shell jCristallo et all |2009ah . Further discus- 
sions and improvement about fluorine, accounting for re- 
cent experimental meas urements of reaction rates involved 
|La Cognata et al]|2010f ). will be given in a forthcoming pa- 
per. 



and metallicities —3.6 ^ [Fe/H] ^ —1. We analysed the be- 
haviour of the three s-process peaks and their ratios [hs/ls] 
and [Pb/hs] as the initial AGB mass and the 13 C-pocket 
change. Then, we presented in detail the abundance com- 
position in the envelope of all the elements, from carbon to 
bismuth. 

We find a high [C/Fe] already after the first TDU episode 
of models at low metallicities, due to the increase with the 
decrease in metallicity of the primary 12 C and to an effi- 
cient TDU. We discuss the deep impact of 22 Ne as neutron 
seed and neutron poison by decreasing the metallicity. This 
primary 22 Ne increases with the initial mass and as a con- 
sequence Na (and Mg) are strongly produced by decreasing 
the metallicity. This makes of Na and Mg good indicators 
for the initial mass of the AGB star. 

The three s-peaks are strongly dependent on the choice of 
the 13 C-pocket as well as the initial mass and the metal- 
licity. [ls/Fe], [hs/Fe] and [Pb/Fe] do not have a linear 
behaviour with decreasing metallicity, and, depending on 
the 13 C-pocket efficiency, they can cover a large range of 
values. Especially [Pb/Fe], largely produced by decreasing 
the metallicity, can reach 4.5 dex. By increasing the AGB 
mass and then the temperature at the bottom of the ther- 
mal pulse, [ls/Fe] receives an increasing contribution by the 
22 Ne(a, n) 25 Mg reaction. Two intrinsic s-process indexes, 
[hs/ls] and [Pb/hs], are needed in order to characterise the 
s distribution, independent on the dilution of the AGB ma- 
terial onto the companion and on the TDU efficiency. The 
[hs/ls] ratio may give a constraint on the initial mass, and it 
can be an indicator of the s-process efficiency as well, while 
[Pb/hs] gives information about the efficiency of the 13 C- 
pocket only. 

As well as Is, hs, and Pb, we predict two peaks at Sn and 
Hf - W, which receive a significant contribution from the 
s-process. Also bismuth is synthesised in these objects via 
neutron capture on 208 Pb. We remark the importance of Nb 
measurement in CEMP-s stars, because an ext rinsic AGB 
has [ Zr/Fe] = [Nb/Fe] (e.g. CS 29497-030 by llvans et ail 
I2005I . see Paper II). We refer to Paper II for a comparison 
between our AGB models and spectroscopic observations in 
CEMP-s stars. 

This study together with Paper II are part of a series 
of works, planned to provide a complete picture of the s- 
process nucleosynthesis in AGB stars. We are planning to 
extend the analysis from CEMP-s stars up to solar metal- 
licities. We will compare AGB predictions presented here 
with spectroscopic observations of s-enhanced disk stars of 
different spectral classification (e.g CH and Barium binary 
stars, intrinsic post-AGBs, ext rinsic or intrinsic MS, S, C 
stars; for previou s analysis see iBusso et al.l 1 19951 , l200ll and 
lAbia et al.ll200ll ). As last analysis, we will present update 
Galactic chemical evolution results, with AGB yields of dif- 
ferent masses and metallicities. From the whole spectrum 
of these studies, we aim at better understanding the AGB 
nucleosynthesis. 



6 CONCLUSIONS 

We presented theoretical results of updated AGB stellar nu- 
cleosynthesis models in a mass range 1.3 ^ M/Mq < 3.0 
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Figure Al. Solar s% normalized to 150 Sm versus atomic mass for the solar main component as in Arlandini et al. 
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APPENDIX A: SOLAR S-PROCESS CONTRIBUTION 



In Table I All we show the best representation of the solar main component with theoretical predictions in percentage for 
elements from Sr to Bi for an a verage between M = 1.5 and 3 Mq at half solar metallicity and a case ST. Here, the 
main-s percentages presented by lArlandini et al.l (|l999i ). stellar model (reported as co mparison in C o l. 3), a re updated 
with new solar abundances and a network upgraded to 2009 (Col. 4). The results by iBisterzo et all d2006al) have been 
furthe r updated with the recen t cross sections mea surement of 62 Ni (Alpizar- Vicente ct al. 2008), 90 ' 91 Zr (|Tagliente et al.l 



l2008allbh. !8M87 i88q s isotopes |Mosconi et al.l 120081 '). 2 ° 4 > 2 °6,207 pb (| Dom i ngo _p ardo et a l.ll2o61 . l2007al lbh. 209 Bi(n, 7 ) 210 Bi 



|Bisterzo et al.l 120071 ') (see also KADoNiS, Karlsruhe Astrophysical Database of Nucleosynthesis in Stars, web address 
http://nuclear-astrophysics.fzk.de/kadonis/.). The case ST at [Fe/H] = —0.3 gives a [hs/ls] = —0.25 (Col. 4, and Fig. 111! 
middle panel). In Col. 5 we report the normalization of the main-s percentages to europium in logarithmic scale, [El/Eu]. As 
shown in Col. 4, only ~ 6% of solar europium is produced by the s-process, and it is considered a typical r-process element. 
The normalization to europium highlights the amount of a pure s-process contribution to each element [El/Eu] s . This [El/Eu] 
ratio is useful to compare our theoretical predictions with spectroscopic observations, especially in CEMP-s (and CEMP-s + r) 
stars, to understand if there is competition between r- and s-process (see Table[T]and Paper II). A pure s-process contribution 
predicts [La/Eu] s = 1.08 at [Fe/H] = -0.3, and 0.8 < [La/Eu] s < 1.1 at [Fe/H] = -2.6 (see Table[TJ Cols. 7 to 10). If lower 
[La/Eu] s values are observed, this indicate stars that experienced an important r-process contribution in addition to the 
s-process enhancements. 

The same model presented in Table IAU is shown in Fig. IA1I for isotopes from Sr to Bi normalised to the s-only nucleus 
150 Sm. The full circles are the s-only nuclei. We adopted different symbols for 128 Xe, 152 Gd, and 164 Er, which have a not 
negligible p contribution (10% for Xe), for 176 Lu, a long-lived isotope (3.8 x 10 10 y) which decays into 176 Hf, for 187 0s, which 
is affected by the long-lived decay of 187 Re (5 x 10 10 y), and for 180 Ta, which receives also contributions from the p-process 
and from ^-interactions in massi ve stars. The black full square corresponds to 20S P b, which receives a contribution of about 
50% by the strong-s component l|Travaglio et alj|200ll. 120041 : ISerminato et alj|2009l ). 
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Table Al. Theoretical predictions in percentage for elements from Sr to Bi, (the label 'El' stands for a generic elements) adopted 
to reproduce the ma in component obtained by an average of M = 1.5 and 3.0 Mq models (M avcr ) at [Fe/H] = —0.3 (case ST as in 
lArlandini et al]|l99St stellar model, Col. 3), improved with cross section measurements and solar abundances upgraded to 2009 (Col. 4; 
see text of this Appendix). In Col. 5 we report the normalization of the updated main-s percentages to europium in logarithmic scale, 
[El/Eu]. 
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APPENDIX B: DATA TABLES 

Bl [El/Fe] predictions as the 13 C-pocket changes 

In the following Tables we list the theoretical surface predictions [El/Fe] for four initial AGB masses at [Fe/H] = —2.6, for 
elements from helium to bismuth: M^p B = 1.3 M (n5) (Table iPTl) , M^f B = 1.4 M© (nlO) (Table Eg) , M t? B = 1-5 M© 
(n20) (Tables |B3}, M^p B = 2.0 M (n26) (Tables [Bi)l. where 'ni' is the number of TPs with TDU. Columns correspond to 
the different results obtained using a wide range of 13 C-pockets (STx2 down to ST/150). The case ST/ 150 mainly shows the 
22 Ne(a, n) 25 Mg neutron source contribution. 
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Table Bl. Theoretical [El/Fe] predictions from He to Bi for MAf B = 1.3 M (which undergoes 5 TPs with TDU, n5) and [Fc/H] = 
-2.6 models, as the 13 C-pocket changes (STx2 down to ST/150). 



El Z ST*2 STT.3 ST ST/1.5 ST/2 ST/3 ST/4.5 ST/6 ST/9 ST/12 ST/18 ST/24 ST/30 ST/45 ST/75 ST/150 

He 4 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.05 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.05 

C 6 3.44 3.44 3.44 3.44 3.43 3.43 3.43 3.43 3.43 3.43 3.43 3.43 3.43 3.43 3.43 3.43 

N 7 0.68 0.68 0.68 0.68 0.68 0.68 0.68 0.68 0.68 0.68 0.68 0.68 0.68 0.68 0.68 0.68 

8 1.54 1.51 1.49 1.46 1.44 1.42 1.40 1.38 1.37 1.36 1.35 1.34 1.33 1.33 1.32 1.32 
F 9 3.63 3.60 3.57 3.52 3.49 3.43 3.38 3.33 3.25 3.19 3.10 3.03 2.97 2.87 2.72 2.45 
Ne 10 1.38 1.35 1.33 1.31 1.30 1.29 1.28 1.28 1.27 1.27 1.26 1.26 1.26 1.26 1.26 1.25 
Na 11 0.98 0.94 0.90 0.86 0.84 0.80 0.77 0.75 0.73 0.71 0.69 0.68 0.67 0.65 0.64 0.61 
Mg 12 0.50 0.48 0.46 0.44 0.42 0.40 0.39 0.38 0.36 0.35 0.35 0.34 0.34 0.33 0.33 0.33 
Al 13 0.06 0.05 0.04 0.03 0.03 0.02 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 
Si 14 0.32 0.31 0.31 0.30 0.30 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 
P 15 0.81 0.65 0.55 0.42 0.36 0.29 0.24 0.22 0.19 0.18 0.16 0.14 0.13 0.11 0.08 0.04 
S 16 0.31 0.30 0.30 0.30 0.30 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 
CI 17 0.07 0.06 0.06 0.05 0.05 0.05 0.04 0.04 0.04 0.04 0.04 0.05 0.05 0.05 0.06 0.05 
Ar 18 0.27 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 
K 19 0.33 0.33 0.32 0.32 0.32 0.32 0.31 0.31 0.31 0.31 0.31 0.31 0.31 0.31 0.31 0.31 
Ca 20 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 
Sc 21 0.39 0.36 0.34 0.31 0.29 0.26 0.24 0.23 0.22 0.22 0.23 0.24 0.24 0.24 0.22 0.16 
Ti 22 0.28 0.27 0.27 0.26 0.26 0.26 0.26 0.26 0.26 0.27 0.27 0.27 0.27 0.27 0.26 0.25 

V 23 0.02 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.00 
Cr 24 -0.20 -0.20 -0.20 -0.20 -0.20 -0.20 -0.20 -0.20 -0.20 -0.20 -0.20 -0.20 -0.20 -0.20 -0.20 -0.20 
Mn 25 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 
Fe 26 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Co 27 0.43 0.43 0.43 0.42 0.42 0.41 0.39 0.38 0.36 0.35 0.33 0.31 0.30 0.28 0.27 0.25 
Ni 28 0.10 0.09 0.08 0.08 0.07 0.06 0.05 0.04 0.04 0.03 0.03 0.02 0.02 0.02 0.02 0.01 
Cu 29 0.86 0.83 0.80 0.76 0.73 0.67 0.61 0.56 0.50 0.45 0.39 0.36 0.34 0.32 0.33 0.31 
Zn 30 0.38 0.34 0.31 0.26 0.23 0.18 0.14 0.12 0.09 0.07 0.06 0.05 0.06 0.08 0.12 0.11 
Ga 31 0.83 0.76 0.70 0.60 0.54 0.43 0.34 0.29 0.22 0.19 0.16 0.17 0.20 0.32 0.41 0.38 
Ge 32 0.81 0.72 0.65 0.54 0.47 0.36 0.28 0.23 0.18 0.16 0.15 0.18 0.24 0.41 0.49 0.43 
As 33 0.64 0.55 0.48 0.37 0.31 0.22 0.16 0.13 0.10 0.09 0.10 0.14 0.21 0.37 0.43 0.35 
Se 34 0.72 0.61 0.52 0.40 0.32 0.23 0.17 0.15 0.13 0.13 0.15 0.24 0.35 0.55 0.60 0.45 
Br 35 0.62 0.51 0.43 0.32 0.25 0.17 0.13 0.11 0.10 0.10 0.13 0.21 0.31 0.50 0.54 0.38 
Kr 36 0.70 0.56 0.46 0.33 0.27 0.22 0.21 0.22 0.24 0.26 0.36 0.50 0.63 0.79 0.79 0.47 
Rb 37 0.83 0.67 0.55 0.41 0.35 0.31 0.32 0.34 0.37 0.41 0.54 0.71 0.85 1.01 0.99 0.57 
Sr 38 0.63 0.49 0.40 0.31 0.29 0.32 0.39 0.45 0.55 0.69 1.00 1.20 1.32 1.42 1.38 0.63 

Y 39 0.63 0.49 0.41 0.34 0.33 0.39 0.49 0.56 0.68 0.84 1.17 1.37 1.47 1.55 1.48 0.57 
Zr 40 0.63 0.49 0.41 0.35 0.35 0.42 0.52 0.59 0.74 0.94 1.27 1.43 1.51 1.55 1.43 0.41 
Nb 41 0.66 0.51 0.43 0.37 0.37 0.44 0.55 0.62 0.78 0.98 1.32 1.48 1.55 1.59 1.46 0.39 
Mo 42 0.55 0.42 0.34 0.29 0.29 0.36 0.46 0.52 0.68 0.89 1.21 1.35 1.41 1.42 1.26 0.23 
Ru 44 0.40 0.29 0.23 0.18 0.18 0.22 0.29 0.34 0.46 0.65 0.94 1.07 1.13 1.15 1.00 0.12 
Rh 45 0.21 0.14 0.10 0.08 0.07 0.10 0.13 0.16 0.25 0.39 0.63 0.75 0.82 0.83 0.70 0.05 
Pd 46 0.43 0.31 0.24 0.19 0.19 0.24 0.32 0.39 0.54 0.75 1.08 1.22 1.29 1.31 1.15 0.17 
Ag 47 0.22 0.14 0.11 0.08 0.08 0.11 0.16 0.20 0.32 0.49 0.77 0.90 0.96 0.98 0.83 0.07 
Cd 48 0.44 0.33 0.27 0.24 0.25 0.33 0.44 0.52 0.72 0.96 1.28 1.41 1.47 1.48 1.29 0.22 
In 49 0.31 0.22 0.19 0.17 0.18 0.24 0.33 0.40 0.57 0.80 1.10 1.22 1.28 1.28 1.09 0.14 
Sn 50 0.60 0.47 0.40 0.35 0.37 0.46 0.57 0.66 0.89 1.15 1.45 1.56 1.61 1.60 1.35 0.24 
Sb 51 0.39 0.28 0.23 0.19 0.20 0.27 0.35 0.42 0.62 0.86 1.13 1.23 1.27 1.25 0.98 0.10 
Te 52 0.32 0.23 0.18 0.15 0.16 0.21 0.29 0.35 0.53 0.76 1.02 1.12 1.16 1.13 0.86 0.07 

1 53 0.12 0.08 0.05 0.04 0.05 0.07 0.10 0.13 0.23 0.38 0.59 0.67 0.70 0.68 0.45 0.01 
Xe 54 0.38 0.27 0.22 0.19 0.19 0.25 0.34 0.40 0.61 0.86 1.11 1.20 1.24 1.20 0.89 0.08 
Cs 55 0.28 0.20 0.16 0.13 0.14 0.19 0.26 0.33 0.52 0.76 1.01 1.10 1.13 1.10 0.78 0.06 
Ba 56 1.09 0.92 0.82 0.76 0.80 0.93 1.09 1.26 1.63 1.87 2.05 2.10 2.11 2.00 1.42 0.27 
La 57 1.09 0.92 0.82 0.77 0.80 0.95 1.11 1.29 1.68 1.90 2.06 2.11 2.10 1.97 1.29 0.21 
Ce 58 1.21 1.03 0.93 0.88 0.93 1.08 1.25 1.48 1.88 2.06 2.20 2.23 2.21 2.02 1.24 0.18 
Pr 59 1.00 0.83 0.74 0.70 0.74 0.89 1.06 1.29 1.68 1.87 2.01 2.03 2.02 1.83 1.05 0.11 
Nd 60 1.09 0.91 0.82 0.77 0.82 0.97 1.15 1.38 1.77 1.96 2.08 2.10 2.09 1.87 1.05 0.11 
Sm 62 0.94 0.76 0.67 0.63 0.67 0.81 0.98 1.21 1.59 1.77 1.88 1.90 1.88 1.64 0.82 0.06 
Eu 63 0.38 0.28 0.22 0.20 0.22 0.30 0.41 0.58 0.92 1.07 1.18 1.20 1.18 0.95 0.30 0.00 
Gd 64 0.69 0.54 0.46 0.43 0.46 0.58 0.73 0.95 1.32 1.49 1.60 1.61 1.59 1.35 0.57 0.02 
Tb 65 0.50 0.37 0.31 0.28 0.31 0.41 0.54 0.74 1.09 1.25 1.36 1.37 1.34 1.11 0.39 0.00 
Dy 66 0.68 0.53 0.45 0.42 0.45 0.57 0.72 0.94 1.31 1.47 1.57 1.58 1.56 1.31 0.53 0.02 
Ho 67 0.48 0.36 0.30 0.27 0.30 0.40 0.52 0.72 1.07 1.22 1.32 1.33 1.31 1.06 0.36 0.00 
Er 68 0.77 0.62 0.54 0.50 0.54 0.67 0.82 1.05 1.42 1.58 1.68 1.69 1.66 1.41 0.61 0.03 
Tm 69 0.67 0.52 0.45 0.41 0.45 0.56 0.71 0.93 1.29 1.44 1.54 1.54 1.51 1.26 0.49 0.01 
Yb 70 1.08 0.90 0.80 0.76 0.80 0.94 1.11 1.35 1.73 1.88 1.98 1.99 1.97 1.71 0.85 0.08 
Lu 71 0.83 0.66 0.58 0.53 0.57 0.69 0.84 1.07 1.43 1.59 1.69 1.70 1.68 1.42 0.60 0.03 
Hf 72 1.27 1.08 0.97 0.92 0.95 1.10 1.27 1.52 1.91 2.07 2.18 2.18 2.16 1.89 1.00 0.12 
Ta 73 1.15 0.96 0.86 0.80 0.84 0.98 1.16 1.41 1.79 1.95 2.06 2.07 2.04 1.76 0.89 0.08 
W 74 1.27 1.08 0.97 0.91 0.95 1.10 1.29 1.55 1.94 2.10 2.20 2.21 2.18 1.89 1.00 0.11 
Re 75 0.78 0.61 0.52 0.48 0.52 0.64 0.87 1.13 1.43 1.56 1.64 1.62 1.58 1.29 0.51 0.01 
Os 76 0.64 0.49 0.41 0.38 0.42 0.53 0.70 0.93 1.29 1.43 1.53 1.53 1.50 1.21 0.44 0.01 

Ir 77 0.16 0.10 0.07 0.07 0.07 0.11 0.17 0.29 0.53 0.64 0.73 0.73 0.70 0.47 0.07 0.00 

Pt 78 0.46 0.34 0.28 0.26 0.28 0.38 0.51 0.72 1.06 1.20 1.29 1.29 1.26 0.97 0.28 0.00 

An 79 0.44 0.32 0.27 0.25 0.27 0.36 0.49 0.70 1.04 1.17 1.26 1.26 1.23 0.93 0.26 0.00 

Hg 80 1.31 1.12 1.03 0.98 1.03 1.19 1.39 1.66 2.04 2.18 2.27 2.27 2.24 1.90 1.00 0.14 

Tl 81 1.35 1.16 1.06 1.04 1.10 1.26 1.57 1.86 2.11 2.23 2.29 2.25 2.19 1.81 0.95 0.10 

Pb 82 3.27 3.24 3.22 3.21 3.20 3.18 3.16 3.13 3.07 2.99 2.81 2.62 2.40 1.77 0.89 0.03 

Bi 83 3.17 3.12 3.09 3.05 3.02 2.98 2.93 2.88 2.77 2.64 2.39 2.11 1.76 1.06 0.28 0.00 
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Table B2. The same as Table IBTI but for AfAf B = 1.4 M© (nlO). 



ST*2 ST*1.3 ST ST/1.5 ST/2 ST/3 ST/4.5 ST/6 ST/9 ST/12 ST/IS ST/24 ST/30 ST/45 ST/75 ST/150 

O.lfi 0.16 0.15 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.15 

3.90 3.90 3.90 3.89 3.89 3.89 3.89 3.89 3.89 3.89 3.89 

1.35 1.35 1.35 1.35 1.35 1.35 1.35 1.35 1.35 1.35 1.35 

1.78 1.75 1.74 1.72 1.71 1.70 1.69 1.68 1.68 1.67 1.66 

3.71 3.64 3.59 3.52 3.46 3.39 3.33 3.29 3.21 3.12 2.99 
2.34 2.33 2.33 2.33 2.33 2.33 2.33 2.33 2.33 2.33 2.32 
1.97 1.96 1.96 1.96 1.95 1.95 1.94 1.94 1.93 1.92 1.91 
1.24 1.20 1.17 1.14 1.12 1.11 1.10 1.09 1.08 1.07 1.07 
0.22 0.18 0.17 0.15 0.14 0.13 0.13 0.13 0.12 0.12 0.12 
0.34 0.33 0.32 0.32 0.32 0.31 0.31 0.31 0.31 0.31 0.31 
0.72 0.60 0.55 0.50 0.47 0.43 0.41 0.39 0.35 0.31 0.26 
0.31 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 
0.13 0.13 0.13 0.14 0.14 0.15 0.16 0.16 0.16 0.16 0.14 
0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 
0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.37 
0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 
0.62 0.62 0.62 0.63 0.64 0.65 0.65 0.65 0.64 0.61 0.56 
0.32 0.33 0.34 0.34 0.34 0.34 0.34 0.33 0.32 0.30 0.28 
0.03 0.04 0.05 0.05 0.05 0.04 0.03 0.03 0.01 0.00 0.00 
-0.20 -0.20 -0.20 -0.20 -0.20 -0.20 -0.20 -0.20 -0.20 -0.20 -0.20 
-0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.77 0.76 0.76 0.75 0.75 0.74 0.74 0.73 0.73 0.73 0.73 
0.18 0.17 0.16 0.16 0.15 0.15 0.15 0.15 0.15 0.15 0.15 
1.13 1.10 1.08 1.06 1.05 1.04 1.03 1.04 1.05 1.06 1.06 
0.52 0.48 0.46 0.44 0.44 0.45 0.47 0.49 0.52 0.54 0.50 
0.99 0.94 0.91 0.89 0.89 0.93 0.98 1.01 1.07 1.08 0.99 
0.96 0.91 0.88 0.87 0.89 0.96 1.02 1.07 1.13 1.12 0.98 
0.78 0.73 0.70 0.70 0.74 0.84 0.91 0.96 1.02 0.99 0.82 
0.88 0.82 0.80 0.83 0.90 1.04 1.12 1.17 1.22 1.16 0.93 
0.77 0.72 0.70 0.74 0.83 0.96 1.05 1.10 1.14 1.08 0.83 
0.94 0.91 0.94 1.07 1.20 1.35 1.43 1.47 1.47 1.34 0.96 
1.16 1.14 1.18 1.35 1.50 1.65 1.73 1.77 1.75 1.60 1.15 
1.04 1.20 1.39 1.63 1.75 1.87 1.91 1.91 1.84 1.65 0.98 
1.13 1.36 1.58 1.83 1.95 2.05 2.07 2.05 1.96 1.73 0.91 

1.18 1.49 1.71 1.93 2.03 2.11 2.10 2.06 1.93 1.67 0.73 
1.21 1.52 1.75 1.97 2.07 2.15 2.14 2.10 1.97 1.70 0.73 
1.11 1.44 1.66 1.85 1.95 2.01 1.98 1.93 1.78 1.50 0.50 
0.86 1.18 1.39 1.58 1.68 1.72 1.69 1.64 1.49 1.22 0.29 
0.54 0.83 1.02 1.20 1.29 1.34 1.31 1.27 1.13 0.88 0.12 
0.88 1.21 1.42 1.60 1.71 1.77 1.75 1.71 1.58 1.32 0.33 
0.56 0.85 1.04 1.23 1.33 1.39 1.38 1.35 1.23 0.98 0.14 
1.01 1.35 1.56 1.75 1.85 1.91 1.90 1.87 1.74 1.46 0.40 
0.85 1.18 1.38 1.57 1.67 1.73 1.71 1.68 1.54 1.25 0.27 
1.28 1.64 1.83 1.99 2.08 2.10 2.06 2.01 1.85 1.52 0.42 
1.00 1.35 1.53 1.68 1.76 1.76 1.71 1.66 1.49 1.15 0.19 
0.88 1.24 1.40 1.55 1.63 1.63 1.58 1.52 1.36 1.02 0.14 
0.48 0.78 0.93 1.07 1.14 1.13 1.09 1.03 0.87 0.57 0.00 

1.00 1.35 1.51 1.66 1.73 1.71 1.66 1.60 1.42 1.06 0.15 
0.83 1.18 1.33 1.49 1.56 1.55 1.51 1.45 1.29 0.93 0.09 
2.04 2.32 2.44 2.57 2.59 2.54 2.47 2.39 2.18 1.63 0.44 
2.09 2.34 2.45 2.58 2.58 2.52 2.44 2.36 2.14 1.52 0.34 
2.28 2.49 2.60 2.70 2.68 2.61 2.52 2.43 2.18 1.48 0.30 
2.06 2.27 2.38 2.48 2.47 2.40 2.31 2.23 1.98 1.28 0.19 
2.16 2.36 2.47 2.56 2.54 2.46 2.37 2.29 2.03 1.29 0.19 

2.01 2.20 2.30 2.38 2.36 2.28 2.17 2.09 1.81 1.07 0.10 
1.30 1.49 1.59 1.67 1.65 1.56 1.46 1.38 1.11 0.46 0.00 
1.73 1.92 2.03 2.10 2.08 1.99 1.89 1.80 1.52 0.80 0.03 
1.49 1.67 1.78 1.86 1.83 1.74 1.64 1.55 1.27 0.59 0.00 

1.72 1.91 2.01 2.09 2.06 1.97 1.86 1.77 1.48 0.77 0.02 
1.48 1.66 1.77 1.84 1.81 1.72 1.61 1.52 1.24 0.56 0.00 
1.86 2.04 2.14 2.21 2.18 2.09 1.98 1.88 1.59 0.86 0.05 
1.72 1.89 2.00 2.07 2.04 1.94 1.83 1.73 1.44 0.73 0.02 

2.19 2.37 2.47 2.54 2.50 2.40 2.29 2.19 1.90 1.13 0.14 
1.90 2.08 2.18 2.24 2.20 2.10 1.99 1.90 1.60 0.86 0.05 
2.37 2.54 2.65 2.71 2.67 2.57 2.46 2.37 2.07 1.28 0.21 
2.24 2.41 2.52 2.58 2.54 2.44 2.34 2.25 1.94 1.16 0.16 
2.37 2.54 2.65 2.70 2.67 2.58 2.47 2.38 2.07 1.28 0.22 
1.83 1.98 2.08 2.11 2.06 1.96 1.84 1.75 1.44 0.71 0.02 

1.68 1.85 1.96 2.01 1.98 1.88 1.77 1.69 1.38 0.64 0.01 
0.86 1.00 1.11 1.16 1.13 1.04 0.94 0.86 0.59 0.12 0.00 
1.45 1.61 1.72 1.77 1.74 1.64 1.54 1.45 1.13 0.44 0.00 
1.42 1.58 1.69 1.74 1.70 1.61 1.50 1.41 1.09 0.41 0.00 
2.44 2.59 2.71 2.75 2.71 2.62 2.51 2.42 2.07 1.26 0.25 
2.51 2.64 2.74 2.72 2.67 2.55 2.43 2.34 1.96 1.17 0.23 

3.69 3.62 3.54 3.40 3.26 3.02 2.81 2.58 2.01 1.12 0.12 
3.51 3.41 3.31 3.13 2.96 2.67 2.39 2.09 1.45 0.56 0.03 
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Table B3. The same as Table iBll but for MAp B = 1.5 M© (n20). 



El 


z 


ST*2 


ST*1.3 


He 


4 


0.2(1 


0.20 


c 


(i 


4. 13 


4.13 


N 




2.17 


2. 16 


o 


8 


2.18 


2.12 


p 


g 


4.15 


4.07 


Ne 


10 


2.88 


2.88 


Na 


11 


2.57 


2.57 


Mg 
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2 . ( 12 


Al 
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( ) 98 


1 I 88 
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p 
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0.00 
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28 
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Ru 
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Rh 
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Pr 
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Nd 
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65 


1.49 


1.34 
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66 
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Ho 
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Er 


68 
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Tm 


69 
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1.56 
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2.18 


2.04 


Lu 


71 
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1.75 


Hf 


72 


2.36 


2.22 


Ta 


73 


2.21 


2.09 


W 


74 


2.36 
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Re 


75 


1.77 


1.63 


Os 


76 


1.66 


1.52 


Ir 


77 


0.83 


0.71 


Pt 
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1.42 


1.28 


Au 


79 


1.39 


1.25 


Hg 


80 


2.39 


2.2(1 
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81 


2.40 


2.28 


Pb 


82 


4.16 


4.10 


Bi 


83 


4.03 


3.97 



ST ST/1.5 ST/2 ST/3 ST/4.5 ST/6 ST/9 ST/12 ST/18 ST/24 ST/30 ST/45 ST/75 ST/150 

0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 

4.13 4.13 4.13 4.13 4.13 4.13 4.13 4.13 4.13 4.13 4.13 4.13 4.13 4.12 
2.16 2.16 2.16 2.16 2.16 2.16 2.16 2.16 2.16 2.16 2.16 2.15 2.15 2.15 
2.09 2.04 2.02 1.98 1.96 1.94 1.93 1.92 1.90 1.90 1.89 1.89 1.88 1.88 

4.02 3.94 3.89 3.82 3.75 3.71 3.64 3.60 3.54 3.51 3.48 3.43 3.38 3.31 
2.87 2.87 2.87 2.87 2.87 2.87 2.87 2.87 2.87 2.87 2.87 2.86 2.86 2.86 
2.57 2.57 2.57 2.58 2.58 2.58 2.58 2.58 2.58 2.57 2.57 2.56 2.56 2.55 
1.98 1.93 1.90 1.S5 1.81 1.79 1.77 1.76 1.74 1.74 1.73 1.73 1.72 1.72 
0.81 0.72 0.67 0.62 0.58 0.56 0.54 0.53 0.51 0.51 0.50 0.49 0.48 0.48 
0.59 0.50 0.46 0.42 0.39 0.38 0.37 0.36 0.36 0.36 0.35 0.35 0.35 0.35 

1.66 1.39 1.22 1.00 0.86 0.79 0.73 0.69 0.65 0.63 0.61 0.58 0.54 0.50 
0.41 0.36 0.34 0.32 0.32 0.32 0.31 0.31 0.31 0.31 0.31 0.31 0.31 0.31 
0.26 0.23 0.22 0.22 0.23 0.24 0.25 0.26 0.26 0.27 0.27 0.27 0.26 0.23 
0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 
0.46 0.45 0.45 0.45 0.45 0.46 0.46 0.46 0.46 0.46 0.46 0.46 0.46 0.46 
0.28 0.27 0.27 0.27 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.27 0.27 
0.89 0.88 0.88 0.89 0.91 0.92 0.93 0.93 0.93 0.93 0.92 0.91 0.88 0.85 
0.41 0.41 0.41 0.43 0.43 0.43 0.43 0.42 0.41 0.40 0.38 0.37 0.35 0.33 
0.09 0.09 0.09 0.10 0.10 0.10 0.09 0.08 0.06 0.05 0.04 0.02 0.01 0.00 
-0.20 -0.20 -0.20 -0.20 -0.20 -0.20 -0.20 -0.20 -0.20 -0.20 -0.20 -0.20 -0.20 -0.20 
-0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1.01 1.01 1.01 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
0.31 0.30 0.30 0.30 0.29 0.29 0.29 0.29 0.29 0.30 0.30 0.30 0.31 0.31 

1.41 1.40 1.39 1.38 1.38 1.37 1.37 1.38 1.39 1.39 1.40 1.42 1.43 1.43 
0.78 0.76 0.74 0.73 0.72 0.73 0.75 0.77 0.81 0.83 0.85 0.86 0.86 0.82 
1.33 1.30 1.28 1.27 1.26 1.28 1.32 1.36 1.42 1.46 1.47 1.48 1.46 1.40 

1.32 1.29 1.27 1.25 1.25 1.28 1.36 1.41 1.48 1.52 1.53 1.53 1.49 1.40 

1.14 1.10 1.08 1.06 1.08 1.13 1.22 1.29 1.36 1.40 1.41 1.40 1.34 1.23 
1.27 1.22 1.20 1.18 1.23 1.30 1.43 1.50 1.58 1.61 1.61 1.58 1.50 1.36 
1.16 1.11 1.09 1.08 1.13 1.21 1.35 1.43 1.51 1.53 1.53 1.49 1.41 1.26 

1.37 1.33 1.32 1.36 1.49 1.62 1.76 1.84 1.90 1.89 1.86 1.79 1.66 1.45 

1.63 1.58 1.57 1.62 1.79 1.93 2.08 2.16 2.21 2.19 2.16 2.07 1.92 1.69 

1.42 1.41 1.48 1.74 1.99 2.11 2.22 2.25 2.21 2.16 2.11 2.00 1.81 1.40 

1.46 1.49 1.61 1.93 2.19 2.30 2.40 2.41 2.35 2.28 2.21 2.08 1.85 1.32 

1.45 1.53 1.70 2.07 2.30 2.40 2.47 2.45 2.35 2.27 2.19 2.02 1.76 1.11 

1.47 1.55 1.73 2.11 2.34 2.43 2.51 2.49 2.39 2.30 2.22 2.05 1.78 1.10 

1.33 1.44 1.64 2.02 2.22 2.31 2.37 2.33 2.21 2.12 2.04 1.85 1.55 0.81 

1.07 1.18 1.39 1.77 1.96 2.06 2.11 2.06 1.93 1.83 1.75 1.56 1.27 0.55 
0.71 0.82 1.02 1.39 1.58 1.67 1.72 1.67 1.54 1.45 1.37 1.19 0.92 0.27 

1.08 1.20 1.42 1.79 1.98 2.07 2.12 2.07 1.96 1.87 1.80 1.63 1.35 0.56 
0.72 0.83 1.04 1.40 1.59 1.68 1.73 1.68 1.57 1.49 1.42 1.26 1.00 0.28 
1.18 1.31 1.53 1.90 2.07 2.16 2.20 2.16 2.06 1.99 1.93 1.76 1.47 0.59 
1.01 1.14 1.35 1.71 1.88 1.97 2.01 1.96 1.87 1.79 1.73 1.56 1.27 0.42 
1.42 1.58 1.83 2.18 2.33 2.42 2.43 2.36 2.24 2.14 2.06 1.87 1.54 0.62 
1.11 1.29 1.54 1.89 2.02 2.11 2.10 2.02 1.89 1.79 1.71 1.51 1.17 0.32 
0.99 1.17 1.42 1.76 1.89 1.97 1.96 1.88 1.75 1.65 1.57 1.37 1.03 0.22 
0.55 0.71 0.95 1.27 1.39 1.47 1.45 1.37 1.24 1.15 1.07 0.88 0.57 0.01 

1.09 1.29 1.56 1.87 2.00 2.08 2.04 1.95 1.82 1.72 1.63 1.43 1.06 0.23 
0.91 1.11 1.37 1.69 1.81 1.89 1.85 1.77 1.65 1.56 1.48 1.29 0.92 0.14 

2.03 2.37 2.59 2.78 2.90 2.92 2.82 2.73 2.60 2.49 2.39 2.17 1.63 0.56 

2.06 2.42 2.63 2.79 2.90 2.90 2.79 2.69 2.56 2.45 2.35 2.12 1.52 0.43 
2.23 2.62 2.80 2.92 3.03 2.99 2.86 2.77 2.64 2.52 2.42 2.16 1.47 0.37 
2.01 2.40 2.57 2.70 2.80 2.77 2.64 2.55 2.42 2.31 2.21 1.96 1.27 0.23 
2.11 2.50 2.67 2.78 2.88 2.84 2.71 2.62 2.49 2.37 2.27 2.00 1.28 0.23 
1.96 2.35 2.51 2.63 2.72 2.67 2.54 2.44 2.30 2.17 2.07 1.79 1.06 0.13 
1.26 1.64 1.80 1.91 2.01 1.95 1.82 1.72 1.58 1.46 1.36 1.08 0.45 0.00 
1.68 2.07 2.23 2.35 2.44 2.39 2.25 2.16 2.01 1.89 1.78 1.49 0.79 0.03 
1.44 1.83 1.98 2.10 2.19 2.14 2.00 1.91 1.76 1.64 1.53 1.25 0.57 0.00 
1.68 2.07 2.22 2.34 2.43 2.37 2.23 2.14 1.99 1.86 1.76 1.46 0.76 0.02 
1.44 1.82 1.98 2.09 2.18 2.12 1.98 1.89 1.74 1.61 1.51 1.21 0.55 0.00 
1.81 2.20 2.35 2.46 2.56 2.49 2.36 2.26 2.11 1.97 1.87 1.57 0.85 0.05 

1.67 2.06 2.21 2.32 2.41 2.35 2.21 2.11 1.96 1.83 1.72 1.42 0.72 0.01 

2.15 2.54 2.69 2.80 2.89 2.82 2.68 2.58 2.42 2.28 2.18 1.87 1.13 0.18 
1.87 2.26 2.41 2.52 2.60 2.53 2.39 2.28 2.12 1.99 1.88 1.58 0.85 0.06 
2.33 2.73 2.87 2.99 3.07 3.00 2.85 2.75 2.59 2.46 2.36 2.05 1.28 0.27 
2.21 2.60 2.75 2.86 2.94 2.87 2.72 2.62 2.46 2.33 2.23 1.92 1.16 0.20 
2.33 2.73 2.87 2.98 3.06 2.99 2.84 2.75 2.60 2.47 2.36 2.05 1.27 0.28 
1.77 2.17 2.29 2.40 2.47 2.39 2.24 2.13 1.97 1.84 1.73 1.41 0.70 0.03 

1.64 2.04 2.17 2.28 2.35 2.28 2.14 2.04 1.90 1.77 1.67 1.35 0.63 0.00 
0.82 1.18 1.30 1.41 1.49 1.41 1.28 1.19 1.05 0.93 0.84 0.56 0.09 0.00 
1.41 1.80 1.93 2.04 2.11 2.03 1.89 1.80 1.65 1.53 1.43 1.11 0.43 0.00 

1.38 1.77 1.89 2.00 2.07 1.99 1.86 1.76 1.62 1.49 1.39 1.07 0.40 0.00 
2.40 2.80 2.91 3.02 3.09 3.00 2.87 2.77 2.63 2.50 2.40 2.05 1.26 0.32 

2.46 2.85 2.93 3.04 3.07 2.97 2.82 2.72 2.55 2.41 2.31 1.93 1.16 0.32 

4.07 4.02 3.98 3.88 3.72 3.60 3.41 3.26 3.00 2.78 2.56 1.98 1.12 0.21 
3.93 3.86 3.80 3.67 3.49 3.35 3.14 2.96 2.65 2.37 2.08 1.45 0.58 0.08 
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Table B4. The same as Table IBTI but for AfAf B = 2.0 M© (n26). 



El Z ST*2 ST*1.3 ST ST/1.5 ST/2 ST/3 ST/4.5 ST/6 ST/9 ST/12 ST/18 ST/24 ST/30 ST/45 ST/75 ST/150 

He 4 0.25 0.25 0.24 0.24 0.24 0.24 0.24 0.24 0.25 0.25 0.24 0.24 0.24 0.24 0.24 0.24 

C 6 4.07 4.07 4.07 4.06 4.06 4.06 4.06 4.06 4.06 4.06 4.06 4.06 4.06 4.06 4.05 4.05 

N 7 1.93 1.93 1.93 1.92 1.92 1.92 1.92 1.92 1.92 1.92 1.91 1.91 1.91 1.91 1.91 1.91 

8 2.18 2.13 2.09 2.04 2.01 1.96 1.93 1.91 1.88 1.87 1.85 1.85 1.84 1.83 1.82 1.81 
F 9 4.27 4.22 4.18 4.11 4.07 4.01 3.94 3.89 3.82 3.76 3.68 3.62 3.58 3.49 3.38 3.17 
Ne 10 2.46 2.45 2.44 2.43 2.42 2.42 2.41 2.41 2.41 2.41 2.41 2.41 2.40 2.40 2.40 2.40 
Na 11 2.22 2.20 2.19 2.19 2.18 2.18 2.18 2.18 2.18 2.18 2.18 2.17 2.17 2.16 2.15 2.14 
Mg 12 1.80 1.75 1.72 1.67 1.64 1.59 1.55 1.52 1.49 1.47 1.45 1.44 1.43 1.42 1.41 1.41 
Al 13 0.85 0.77 0.71 0.62 0.57 0.51 0.46 0.44 0.41 0.40 0.38 0.38 0.37 0.36 0.35 0.34 
Si 14 0.74 0.65 0.59 0.51 0.47 0.42 0.39 0.38 0.36 0.35 0.35 0.35 0.34 0.34 0.34 0.34 
P 15 2.17 1.96 1.79 1.54 1.38 1.15 0.97 0.87 0.78 0.74 0.68 0.65 0.63 0.58 0.53 0.47 
S 16 0.63 0.52 0.46 0.39 0.36 0.34 0.32 0.32 0.31 0.31 0.31 0.31 0.31 0.31 0.31 0.31 
CI 17 0.49 0.37 0.30 0.24 0.21 0.20 0.19 0.19 0.20 0.21 0.22 0.23 0.24 0.25 0.25 0.22 
Ar 18 0.28 0.27 0.27 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 
K 19 0.50 0.47 0.46 0.44 0.44 0.43 0.43 0.43 0.43 0.43 0.44 0.44 0.44 0.44 0.44 0.43 
Ca 20 0.29 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 
Sc 21 1.19 1.04 0.96 0.89 0.86 0.85 0.85 0.86 0.88 0.89 0.91 0.91 0.91 0.90 0.87 0.82 
Ti 22 0.66 0.52 0.45 0.39 0.38 0.39 0.40 0.41 0.43 0.43 0.43 0.42 0.41 0.38 0.35 0.32 

V 23 0.34 0.20 0.13 0.08 0.07 0.08 0.09 0.10 0.11 0.11 0.10 0.09 0.07 0.04 0.02 0.00 
Cr 24 -0.20 -0.20 -0.20 -0.20 -0.20 -0.20 -0.20 -0.20 -0.20 -0.20 -0.20 -0.20 -0.20 -0.20 -0.20 -0.20 
Mn 25 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 
Fe 26 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Co 27 0.99 0.99 0.98 0.98 0.97 0.96 0.95 0.95 0.94 0.93 0.92 0.92 0.92 0.91 0.91 0.92 
Ni 28 0.34 0.32 0.31 0.30 0.29 0.28 0.27 0.26 0.26 0.25 0.25 0.25 0.25 0.26 0.26 0.27 
Cu 29 1.44 1.41 1.39 1.37 1.35 1.33 1.30 1.29 1.27 1.26 1.26 1.26 1.27 1.29 1.32 1.33 
Zn 30 0.84 0.80 0.77 0.73 0.71 0.68 0.65 0.64 0.63 0.63 0.65 0.68 0.71 0.77 0.80 0.77 
Ga 31 1.43 1.37 1.33 1.28 1.25 1.21 1.17 1.16 1.15 1.17 1.22 1.27 1.32 1.40 1.42 1.36 
Ge 32 1.46 1.39 1.34 1.28 1.25 1.20 1.17 1.16 1.17 1.20 1.28 1.35 1.41 1.49 1.50 1.39 
As 33 1.30 1.22 1.17 1.10 1.07 1.02 0.99 0.99 1.01 1.06 1.16 1.25 1.31 1.39 1.38 1.24 
Se 34 1.45 1.36 1.30 1.22 1.18 1.14 1.11 1.11 1.16 1.24 1.38 1.47 1.54 1.61 1.57 1.37 
Br 35 1.35 1.26 1.19 1.12 1.08 1.03 1.01 1.01 1.07 1.15 1.30 1.40 1.46 1.53 1.48 1.27 
Kr 36 1.66 1.52 1.43 1.34 1.30 1.26 1.27 1.32 1.48 1.61 1.77 1.86 1.90 1.90 1.80 1.50 
Rb 37 1.96 1.80 1.70 1.60 1.56 1.53 1.55 1.62 1.81 1.95 2.11 2.20 2.23 2.21 2.08 1.77 
Si 38 1.79 1.59 1.46 1.35 1.33 1.36 1.52 1.70 1.94 2.07 2.21 2.27 2.28 2.21 2.06 1.47 

Y 39 1.89 1.66 1.51 1.40 1.38 1.46 1.69 1.90 2.14 2.27 2.40 2.43 2.42 2.32 2.11 1.43 
Zr 40 1.96 1.69 1.53 1.41 1.41 1.56 1.87 2.09 2.30 2.41 2.50 2.49 2.45 2.31 2.01 1.27 
Nb 41 1.96 1.69 1.53 1.41 1.41 1.56 1.87 2.09 2.32 2.43 2.52 2.51 2.47 2.33 2.02 1.25 
Mo 42 1.84 1.56 1.39 1.28 1.28 1.47 1.81 2.02 2.22 2.32 2.39 2.36 2.30 2.15 1.77 0.96 
Ru 44 1.57 1.29 1.12 1.00 1.01 1.20 1.55 1.75 1.94 2.04 2.10 2.06 2.00 1.85 1.48 0.68 
Rh 45 1.20 0.93 0.77 0.66 0.67 0.85 1.18 1.38 1.56 1.66 1.72 1.69 1.63 1.49 1.12 0.39 
Pd 46 1.61 1.32 1.15 1.03 1.05 1.25 1.60 1.81 1.99 2.10 2.16 2.14 2.08 1.96 1.57 0.72 
Ag 47 1.23 0.95 0.79 0.69 0.70 0.89 1.23 1.42 1.61 1.71 1.78 1.76 1.70 1.59 1.20 0.42 
Cd 48 1.65 1.37 1.20 1.10 1.12 1.33 1.67 1.87 2.07 2.19 2.26 2.25 2.20 2.09 1.66 0.76 
In 49 1.40 1.14 0.98 0.89 0.91 1.10 1.44 1.64 1.84 1.96 2.04 2.03 1.98 1.88 1.44 0.55 
Sn 50 1.87 1.59 1.42 1.32 1.34 1.58 1.94 2.12 2.30 2.40 2.45 2.41 2.34 2.20 1.70 0.76 
Sb 51 1.59 1.31 1.15 1.05 1.07 1.32 1.69 1.86 2.03 2.12 2.14 2.08 2.01 1.85 1.32 0.46 
Te 52 1.45 1.17 1.01 0.91 0.94 1.20 1.56 1.72 1.89 1.98 2.00 1.93 1.86 1.71 1.16 0.34 

1 53 0.97 0.71 0.57 0.49 0.52 0.74 1.07 1.23 1.39 1.48 1.49 1.43 1.35 1.20 0.69 0.08 
Xe 54 1.57 1.28 1.12 1.02 1.06 1.35 1.71 1.86 2.02 2.09 2.09 2.01 1.94 1.77 1.18 0.34 
Cs 55 1.36 1.08 0.92 0.83 0.87 1.14 1.50 1.65 1.81 1.90 1.91 1.85 1.78 1.63 1.03 0.23 
Ba 56 2.43 2.14 1.98 1.91 2.01 2.37 2.65 2.77 2.91 2.94 2.88 2.80 2.72 2.45 1.75 0.65 
La 57 2.42 2.14 1.98 1.92 2.03 2.41 2.66 2.77 2.91 2.93 2.85 2.77 2.69 2.37 1.65 0.48 
Ce 58 2.55 2.27 2.11 2.07 2.22 2.60 2.81 2.92 3.04 3.04 2.94 2.85 2.77 2.37 1.65 0.40 
Pr 59 2.31 2.04 1.88 1.84 1.99 2.37 2.58 2.69 2.81 2.82 2.73 2.65 2.57 2.17 1.45 0.26 
Nd 60 2.40 2.12 1.97 1.93 2.08 2.46 2.66 2.78 2.89 2.89 2.79 2.71 2.62 2.19 1.48 0.26 
Sm 62 2.28 1.99 1.84 1.80 1.96 2.35 2.54 2.65 2.75 2.73 2.61 2.52 2.42 1.96 1.26 0.15 
Eu 63 1.57 1.29 1.14 1.11 1.27 1.64 1.83 1.94 2.03 2.01 1.89 1.80 1.70 1.25 0.61 0.00 
Gd 64 2.01 1.73 1.57 1.54 1.71 2.09 2.27 2.38 2.47 2.45 2.33 2.23 2.13 1.66 0.98 0.05 
Tb 65 1.76 1.48 1.33 1.30 1.46 1.84 2.03 2.13 2.23 2.20 2.08 1.98 1.87 1.41 0.75 0.00 
Dy 66 2.00 1.72 1.56 1.53 1.70 2.08 2.26 2.37 2.46 2.43 2.30 2.21 2.10 1.62 0.94 0.04 
Ho 67 1.75 1.47 1.32 1.29 1.46 1.83 2.02 2.12 2.21 2.18 2.05 1.96 1.84 1.37 0.72 0.00 
Er 68 2.12 1.84 1.68 1.65 1.82 2.20 2.38 2.49 2.58 2.55 2.42 2.32 2.20 1.73 1.04 0.07 
Tm 69 1.96 1.68 1.52 1.49 1.66 2.04 2.22 2.33 2.42 2.39 2.26 2.16 2.04 1.57 0.89 0.03 
Yb 70 2.45 2.17 2.01 1.98 2.15 2.54 2.71 2.82 2.90 2.87 2.73 2.63 2.52 2.03 1.33 0.20 
Lu 71 2.15 1.87 1.72 1.69 1.86 2.24 2.42 2.52 2.60 2.57 2.43 2.33 2.22 1.73 1.05 0.08 
HI 72 2.64 2.35 2.19 2.17 2.34 2.72 2.90 3.00 3.08 3.04 2.90 2.81 2.70 2.19 1.49 0.29 
Ta 73 2.52 2.23 2.07 2.05 2.23 2.61 2.78 2.88 2.96 2.92 2.78 2.69 2.57 2.07 1.37 0.22 
W 74 2.66 2.37 2.21 2.19 2.38 2.76 2.92 3.02 3.10 3.06 2.92 2.83 2.71 2.20 1.50 0.28 
Re 75 2.08 1.79 1.63 1.63 1.83 2.19 2.34 2.45 2.51 2.46 2.31 2.22 2.10 1.59 0.93 0.04 
Os 76 1.95 1.66 1.50 1.49 1.68 2.05 2.21 2.32 2.39 2.35 2.21 2.13 2.01 1.49 0.83 0.01 

Ir 77 1.08 0.82 0.69 0.67 0.84 1.18 1.33 1.44 1.51 1.48 1.34 1.27 1.15 0.67 0.20 0.00 

Pt 78 1.67 1.39 1.24 1.23 1.42 1.78 1.94 2.05 2.13 2.09 1.96 1.88 1.75 1.23 0.60 0.00 

An 79 1.63 1.35 1.21 1.19 1.38 1.74 1.90 2.01 2.08 2.05 1.92 1.84 1.71 1.18 0.57 0.00 

Hg 80 2.64 2.36 2.21 2.20 2.39 2.75 2.91 3.03 3.10 3.07 2.93 2.86 2.73 2.17 1.48 0.33 

Tl 81 2.66 2.38 2.23 2.25 2.47 2.81 2.95 3.06 3.10 3.05 2.91 2.82 2.67 2.10 1.42 0.29 

Pb 82 4.29 4.18 4.14 4.10 4.07 4.03 3.96 3.88 3.73 3.58 3.32 3.06 2.79 2.20 1.29 0.18 

Bi 83 4.20 4.09 4.03 3.98 3.94 3.87 3.76 3.65 3.43 3.24 2.90 2.55 2.24 1.63 0.63 0.07 
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B2 [El/Fe] predictions as the metallicity changes 

In Tables [B5l and [B6l we list the theoretical surface predictions [El/Fe] for M^p B = 1.3 and 1.5 Mq models for two 13 C-pockets 
(ST and ST/12), by changing the metallicity. 
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Table B5. Theoretical [El/Fe] predictions from He to Bi for MAp B 
changes. 



1.3 M Q and two 13 C-pockets (ST and ST/12), as the metallicity 



El 


z 


-3.6 


-3.0 


-2.6 


Case ST 
fFe/Hl 
-2.3 


-2.0 


-1.6 


-1.3 


-1.0 


He 


4 


0.06 


0.06 


0.06 


0.06 


0.06 


0.03 


0.01 


0.01 


c 


6 


4.44 


3.83 


3.44 


3.13 


2.83 


2.13 


1.54 


1.24 


N 


7 


1.41 


0.92 


0.68 


0.56 


0.48 


0.42 


0.40 


0.40 





8 


2.37 


1.82 


1.49 


1.25 


1.03 


0.70 


0.53 


0.40 


F 


9 


4.57 


3.97 


3.57 


3.25 


2.92 


2.10 


1.31 


0.74 


Ne 


10 


2.28 


1.69 


1.33 


1.09 


0.88 


0.53 


0.39 


0.37 


Na 


11 


1.85 


1.26 


0.90 


0.66 


0.46 


0.15 


0.05 


0.04 


Mg 


12 


1.06 


0.63 


0.46 


0.38 


0.33 


0.28 


0.26 


0.26 


Al 


13 


0.25 


0.09 


0.04 


0.03 


0.02 


0.01 


0.00 


0.00 


Si 


14 


0.38 


0.32 


0.31 


0.30 


0.29 


0.29 


0.28 


0.28 


P 


15 


1.21 


0.76 


0.55 


0.43 


0.34 


0.14 


0.05 


0.04 


S 


16 


0.34 


0.31 


0.30 


0.30 


0.29 


0.29 


0.29 


0.29 


CI 


17 


0.08 


0.06 


0.06 


0.05 


0.05 


0.02 


0.01 


0.01 


Ar 


18 


0.27 


0.26 


0.26 


0.26 


0.26 


0.26 


0.26 


0.26 


K 


19 


0.33 


0.33 


0.32 


0.32 


0.31 


0.30 


0.29 


0.29 


Ca 


20 


0.29 


0.29 


0.29 


0.29 


0.29 


0.29 


0.29 


0.29 


Sc 


21 


0.41 


0.36 


0.34 


0.30 


0.26 


0.09 


0.04 


0.04 


Ti 


22 


0.29 


0.27 


0.27 


0.26 


0.26 


0.25 


0.24 


0.25 


V 


23 


0.03 


0.01 


0.01 


0.01 


0.00 


0.00 


0.00 


0.00 


Cr 


24 


-0.20 


-0.20 


-0.20 


-0.20 


-0.20 


-0.20 


-0.20 


-0.20 


Mn 


25 


-0.40 


-0.40 


-0.40 


-0.40 


-0.40 


-0.40 


-0.40 


-0.40 


Fe 


26 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


Co 


27 


0.42 


0.43 


0.43 


0.42 


0.40 


0.19 


0.06 


0.03 


Ni 


28 


0.10 


0.09 


0.08 


0.07 


0.05 


0.01 


0.00 


0.00 


Cu 


29 


0.87 


0.85 


0.80 


0.74 


0.63 


0.22 


0.04 


0.02 


Zn 


30 


0.40 


0.36 


0.31 


0.24 


0.16 


0.02 


0.00 


0.00 


Ga 


31 


0.87 


0.80 


0.70 


0.57 


0.38 


0.06 


0.02 


0.02 


Ge 


32 


0.85 


0.77 


0.65 


0.50 


0.31 


0.05 


0.02 


0.02 


As 


33 


0.68 


0.59 


0.48 


0.34 


0.18 


0.02 


0.01 


0.01 


Se 


34 


0.76 


0.66 


0.52 


0.36 


0.19 


0.03 


0.02 


0.03 


Br 


35 


0.66 


0.56 


0.43 


0.28 


0.14 


0.02 


0.01 


0.02 


Kr 


36 


0.74 


0.61 


0.46 


0.31 


0.18 


0.07 


0.05 


0.12 


Rb 


37 


0.88 


0.72 


0.55 


0.39 


0.26 


0.11 


0.07 


0.16 


Sr 


38 


0.67 


0.51 


0.40 


0.32 


0.26 


0.18 


0.15 


0.48 


Y 


39 


0.66 


0.49 


0.41 


0.36 


0.31 


0.23 


0.18 


0.56 


Zr 


40 


0.65 


0.48 


0.41 


0.37 


0.33 


0.24 


0.20 


0.66 


Nb 


41 


0.68 


0.50 


0.43 


0.39 


0.35 


0.26 


0.21 


0.68 


Mo 


42 


0.56 


0.40 


0.34 


0.31 


0.27 


0.20 


0.16 


0.61 


Iiu 


44 


0.40 


0.27 


0.23 


0.19 


0.16 


0.11 


0.10 


0.50 


Rh 


45 


0.21 


0.13 


0.10 


0.08 


0.06 


0.05 


0.05 


0.31 


Pd 


46 


0.42 


0.29 


0.24 


0.21 


0.18 


0.15 


0.16 


0.64 


Ag 


47 


0.21 


0.13 


0.11 


0.09 


0.07 


0.07 


0.07 


0.40 


Cd 


48 


0.44 


0.31 


0.27 


0.25 


0.25 


0.23 


0.22 


0.78 


In 


49 


0.31 


0.21 


0.19 


0.18 


0.18 


0.15 


0.15 


0.62 


Sn 


50 


0.61 


0.45 


0.40 


0.37 


0.35 


0.30 


0.27 


0.88 


SI) 


51 


0.40 


0.27 


0.23 


0.21 


0.19 


0.15 


0.14 


0.59 


Te 


52 


0.33 


0.22 


0.18 


0.16 


0.15 


0.12 


0.11 


0.53 


I 


53 


0.12 


0.07 


0.05 


0.05 


0.04 


0.03 


0.03 


0.25 


Xe 


54 


0.38 


0.26 


0.22 


0.20 


0.18 


0.15 


0.14 


0.62 


Cs 


55 


0.29 


0.19 


0.16 


0.14 


0.13 


0.12 


0.12 


0.56 


Ba 


56 


1.09 


0.89 


0.82 


0.78 


0.76 


0.69 


0.83 


1.46 


La 


57 


1.09 


0.89 


0.82 


0.79 


0.76 


0.70 


0.88 


1.46 


Ce 


58 


1.20 


1.00 


0.93 


0.89 


0.88 


0.83 


1.11 


1.58 


Pr 


59 


1.00 


0.80 


0.74 


0.71 


0.70 


0.68 


0.95 


1.38 


Nd 


60 


1.08 


0.88 


0.82 


0.79 


0.77 


0.74 


1.05 


1.46 


Sm 


62 


0.93 


0.74 


0.67 


0.64 


0.62 


0.58 


0.86 


1.21 


Eu 


63 


0.38 


0.26 


0.22 


0.21 


0.20 


0.18 


0.34 


0.58 


Gd 


64 


0.68 


0.51 


0.46 


0.43 


0.42 


0.39 


0.63 


0.93 


Tb 


65 


0.49 


0.35 


0.31 


0.29 


0.28 


0.26 


0.45 


0.71 


By 


66 


0.67 


0.50 


0.45 


0.43 


0.41 


0.38 


0.60 


0.90 


Ho 


67 


0.47 


0.34 


0.30 


0.28 


0.27 


0.24 


0.43 


0.70 


Er 


68 


0.77 


0.59 


0.54 


0.51 


0.50 


0.44 


0.70 


1.01 


Tm 


69 


0.66 


0.50 


0.45 


0.42 


0.41 


0.35 


0.57 


0.87 


Yb 


70 


1.07 


0.87 


0.80 


0.77 


0.74 


0.67 


0.99 


1.32 


Lu 


71 


0.82 


0.63 


0.58 


0.54 


0.51 


0.45 


0.75 


1.05 


Hf 


72 


1.25 


1.05 


0.97 


0.92 


0.89 


0.84 


1.19 


1.50 


Ta 


73 


1.13 


0.93 


0.86 


0.81 


0.78 


0.74 


1.09 


1.39 


w 


74 


1.25 


1.04 


0.97 


0.92 


0.90 


0.86 


1.23 


1.53 


Re 


75 


0.79 


0.59 


0.52 


0.48 


0.47 


0.44 


0.76 


1.01 


Os 


76 


0.63 


0.47 


0.41 


0.39 


0.38 


0.36 


0.65 


0.86 


Ir 


77 


0.15 


0.09 


0.07 


0.07 


0.06 


0.06 


0.16 


0.25 


Pt 


78 


0.45 


0.32 


0.28 


0.26 


0.26 


0.24 


0.47 


0.64 


Au 


79 


0.43 


0.30 


0.27 


0.25 


0.24 


0.22 


0.44 


0.62 


Hg 


80 


1.29 


1.09 


1.03 


0.99 


0.98 


0.94 


1.35 


1.55 


Tl 


81 


1.39 


1.14 


1.06 


1.03 


1.04 


0.99 


1.47 


1.62 


Pb 


82 


3.24 


3.23 


3.22 


3.22 


3.21 


2.89 


2.53 


2.26 


Bi 


83 


3.14 


3.11 


3.09 


3.06 


3.01 


2.58 


2.06 


1.65 



-3.6 


-3.0 


case ST/12 
[Fe/H] 
-2.6 -2.3 


-2.0 


-1.6 


-1.3 


-1.0 


0.06 


0.05 


0.05 


0.05 


0.05 


0.03 


0.01 


0.01 


4.44 


3.83 


3.43 


3.13 


2.83 


2.13 


1.54 


1.24 


1.41 


0.92 


0.68 


0.56 


0.48 


0.41 


0.40 


0.40 


2.21 


1.68 


1.36 


1.14 


0.94 


0.67 


0.52 


0.40 


4.23 


3.63 


3.19 


2.79 


2.30 


1.34 


0.64 


0.35 


2.20 


1.62 


1.27 


1.03 


0.84 


0.52 


0.39 


0.37 


1.65 


1.06 


0.71 


0.48 


0.31 


0.10 


0.04 


0.03 


0.79 


0.47 


0.35 


0.31 


0.28 


0.26 


0.25 


0.25 


0.04 


0.02 


0.01 


0.01 


0.01 


0.01 


0.00 


0.00 


0.29 


0.29 


0.29 


0.29 


0.29 


0.28 


0.28 


0.28 


0.25 


0.20 


0.18 


0.15 


0.12 


0.04 


0.01 


0.01 


0.29 


0.29 


0.29 


0.29 


0.29 


0.29 


0.29 


0.29 


0.05 


0.04 


0.04 


0.04 


0.04 


0.03 


0.01 


0.01 


0.26 


0.26 


0.26 


0.26 


0.26 


0.26 


0.26 


0.26 


0.32 


0.31 


0.31 


0.31 


0.30 


0.29 


0.29 


0.29 


0.29 


0.29 


0.29 


0.29 


0.29 


0.29 


0.29 


0.29 


0.28 


0.25 


0.22 


0.21 


0.21 


0.11 


0.04 


0.03 


0.27 


0.27 


0.27 


0.27 


0.28 


0.25 


0.24 


0.24 


0.01 


0.01 


0.01 


0.01 


0.01 


0.00 


0.00 


0.00 


-0.20 


-0.20 


-0.20 


-0.20 


-0.20 


-0.20 


-0.20 


-0.20 


-0.40 


-0.40 


-0.40 


-0.40 


-0.40 


-0.40 


-0.40 


-0.40 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.41 


0.38 


0.35 


0.30 


0.22 


0.07 


0.03 


0.03 


0.07 


0.05 


0.03 


0.02 


0.01 


0.00 


0.00 


0.00 


0.71 


0.57 


0.45 


0.32 


0.18 


0.07 


0.05 


0.07 


0.23 


0.13 


0.07 


0.04 


0.02 


0.04 


0.04 


0.04 


0.50 


0.31 


0.19 


0.12 


0.11 


0.19 


0.18 


0.18 


0.44 


0.25 


0.16 


0.12 


0.15 


0.29 


0.25 


0.22 


0.28 


0.15 


0.09 


0.08 


0.12 


0.26 


0.21 


0.16 


0.30 


0.17 


0.13 


0.12 


0.23 


0.40 


0.31 


0.22 


0.23 


0.13 


0.10 


0.10 


0.20 


0.36 


0.27 


0.18 


0.31 


0.26 


0.26 


0.32 


0.49 


0.56 


0.38 


0.22 


0.44 


0.40 


0.41 


0.47 


0.66 


0.63 


0.38 


0.18 


0.53 


0.57 


0.69 


0.92 


1.29 


1.26 


0.89 


0.42 


0.65 


0.71 


0.84 


1.09 


1.44 


1.31 


0.84 


0.31 


0.72 


0.79 


0.94 


1.20 


1.50 


1.31 


0.70 


0.20 


0.76 


0.83 


0.98 


1.25 


1.54 


1.32 


0.67 


0.18 


0.67 


0.74 


0.89 


1.15 


1.41 


1.17 


0.47 


0.10 


0.47 


0.52 


0.65 


0.90 


1.18 


0.99 


0.34 


0.07 


0.25 


0.28 


0.39 


0.61 


0.88 


0.71 


0.19 


0.03 


0.52 


0.58 


0.75 


1.06 


1.37 


1.16 


0.43 


0.09 


0.29 


0.34 


0.49 


0.76 


1.03 


0.83 


0.23 


0.04 


0.66 


0.76 


0.96 


1.26 


1.53 


1.29 


0.48 


0.11 


0.53 


0.61 


0.80 


1.08 


1.34 


1.10 


0.34 


0.06 


0.84 


0.95 


1.15 


1.43 


1.65 


1.35 


0.44 


0.09 


0.58 


0.68 


0.86 


1.11 


1.29 


0.98 


0.21 


0.03 


0.50 


0.59 


0.76 


1.01 


1.18 


0.88 


0.16 


0.02 


0.21 


0.27 


0.38 


0.58 


0.73 


0.48 


0.05 


0.00 


0.58 


0.67 


0.86 


1.11 


1.27 


0.93 


0.17 


0.02 


0.48 


0.57 


0.76 


1.01 


1.17 


0.84 


0.13 


0.02 


1.57 


1.68 


1.87 


2.05 


2.15 


1.50 


0.46 


0.06 


1.61 


1.72 


1.90 


2.07 


2.15 


1.38 


0.40 


0.03 


1.80 


1.90 


2.06 


2.19 


2.29 


1.35 


0.40 


0.02 


1.60 


1.70 


1.87 


2.00 


2.10 


1.15 


0.28 


0.01 


1.69 


1.79 


1.96 


2.08 


2.18 


1.16 


0.29 


0.01 


1.51 


1.61 


1.77 


1.87 


1.95 


0.89 


0.17 


0.00 


0.85 


0.93 


1.07 


1.17 


1.24 


0.34 


0.03 


0.00 


1.25 


1.33 


1.49 


1.58 


1.66 


0.62 


0.09 


0.00 


1.01 


1.10 


1.25 


1.34 


1.41 


0.44 


0.05 


0.00 


1.23 


1.32 


1.47 


1.55 


1.62 


0.59 


0.08 


0.00 


1.00 


1.08 


1.22 


1.30 


1.38 


0.41 


0.05 


0.00 


1.35 


1.44 


1.58 


1.66 


1.73 


0.67 


0.10 


0.00 


1.22 


1.30 


1.44 


1.50 


1.58 


0.55 


0.07 


0.00 


1.66 


1.74 


1.88 


1.96 


2.06 


0.94 


0.20 


0.01 


1.37 


1.45 


1.59 


1.67 


1.77 


0.69 


0.11 


0.00 


1.83 


1.92 


2.07 


2.16 


2.26 


1.09 


0.26 


0.01 


1.71 


1.80 


1.95 


2.04 


2.14 


0.97 


0.20 


0.01 


1.86 


1.94 


2.10 


2.18 


2.28 


1.10 


0.26 


0.01 


1.36 


1.43 


1.56 


1.63 


1.71 


0.62 


0.09 


0.00 


1.20 


1.28 


1.43 


1.50 


1.60 


0.50 


0.06 


0.00 


0.48 


0.53 


0.64 


0.70 


0.78 


0.10 


0.00 


0.00 


0.98 


1.06 


1.20 


1.27 


1.36 


0.32 


0.03 


0.00 


0.96 


1.03 


1.17 


1.23 


1.32 


0.30 


0.03 


0.00 


1.95 


2.03 


2.18 


2.24 


2.35 


1.07 


0.24 


0.03 


2.05 


2.11 


2.23 


2.29 


2.35 


1.12 


0.24 


0.01 


3.08 


3.06 


2.99 


2.85 


2.43 


1.06 


0.10 


0.00 


2.86 


2.78 


2.64 


2.41 


1.66 


0.34 


0.01 


0.00 
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Table B6. The same as Table lB5l but for AfAf B = 1.5 A/©. 



He 
C 

N 

F 

Ne 
Na 
Mr 

Al 
Si 
P 
S 
01 
Ar 
K 
Ca 
Sc 
Ti 
V 
Cr 
Mn 
Fe 
Co 
Ni 
Cu 
Zn 
Ga 
Ge 
As 
Se 
Br 
Kr 
Rb 
Sr 
Y 
Zr 
Nb 
Mo 
Ru 
Rh 
Pd 
Ag 
Cd 
In 
Sn 
Sb 
Te 
I 

Xe 
Os 
Ba 
La 
Oe 
Pr 
Nd 
Sin 
Eu 
Gd 
Tb 
Dy 
Ho 
Er 
Tm 
Yb 
Lu 
Hf 
Ta 
W 
Re 
Os 
Ir 
Pt 
Au 
Hg 
Tl 
Pb 
Bi 



-3.6 

0.26 
5.14 
3.15 
3.07 
5.02 
3.87 
3.57 
2.98 
1.75 
1.29 
2.63 
0.87 
0.53 
0.28 
0.50 
0.28 
1.11 
0.61 
0.28 
-0.20 
-0.40 
0.00 
1.01 
0.32 
1.44 
0.83 
1.41 
1.41 
1.24 
1.38 
1.28 
1.55 
1.82 
1.68 
1.76 
1.78 
1.80 
1.67 
1.40 
1.03 
1.42 
1.04 
1.51 
1.32 
1.74 
1.43 
1.30 
0.82 
1.40 
1.21 
2.30 
2.31 
2.45 
2.23 
2.32 
2.17 
1.46 
1.89 
1.65 
1.88 
1.64 
2.01 
1.87 
2.35 
2.07 
2.53 
2.41 
2.53 
1.95 
1.83 
0.99 
1.59 
1.56 
2.58 
2.61 
4.12 
3.98 



-3.0 

0.26 
4.53 
2.55 
2.48 
4.42 
3.27 
2.97 
2.38 
1.17 
0.81 
2.04 
0.53 
0.32 
0.27 
0.47 
0.28 
0.95 
0.46 
0.13 
-0.20 
-0.40 
0.00 
1.01 
0.32 
1.43 
0.81 
1.37 
1.37 
1.19 
1.33 
1.22 
1.45 
1.71 
1.51 
1.56 
1.54 
1.56 
1.42 
1.15 
0.79 
1.16 
0.80 
1.26 
1.08 
1.49 
1.18 
1.05 
0.61 
1.16 
0.98 
2.08 
2.10 
2.26 
2.1)4 
2.14 
1.99 
1.28 
1.71 
1.47 
1.70 
1.46 
1.83 
1.69 
2.17 
1.89 
2.36 
2.23 
2.36 
1.79 
1.66 
0.83 
1.43 
1.40 
2.42 
2.47 
4.08 
3.94 



Case ST 
[Fe/H] 
-2.6 -2.3 -2.0 



0.26 
4.13 
2.16 
2.09 
4.02 
2.87 
2.57 
1.98 
0.81 
0.59 
1.66 
0.41 
0.26 
0.26 
0.46 
0.28 
0.89 
0.41 
0.09 
-0.20 
-0.40 
0.00 
1.01 
0.31 
1.11 
0.78 
1.33 
1.32 
1.14 
1.27 
1.16 
1.37 
1.63 
1.42 
1.46 
1. 15 
1.17 
1.33 
1.07 
0.71 
1.08 
0.72 
1.18 
1.01 
1.12 
1.14 
0.99 
0.55 
1.09 
0.91 
2.03 
2.06 
2.23 
2.01 
2.11 
1.96 
1.26 
1.68 
1.11 
1.68 
1.11 
1.84 
1.67 
2.15 
1.87 
2.33 
2.21 
2.33 
1.77 
1.61 
0.82 
1.41 
1.38 
2.40 
2.46 
4.07 
3.93 



0.26 
3.83 
1.86 
1.79 
3.70 
2.58 
2.26 
1.69 
0.57 
0.48 
1.40 
0.37 
0.23 
0.26 
0.45 
0.27 
0.86 
0.40 
0.07 
-0.20 
-0.40 
0.00 
1.00 
0.30 
1.39 
0.74 
1.28 
1.26 
1.08 
1.19 
1.09 
1.28 
1.53 
1.34 
1.40 
1.41 
1.43 
1.29 
1.03 
0.68 
1.04 
0.69 
1.16 
0.99 
4.10 
1.09 
0.97 
0.54 
1.07 
0.90 
2.04 
2.07 
2.26 
2.04 
2.13 
1.99 
1.28 
1.71 
1.47 
1.71 
1.47 
1.84 
1.70 
2.18 
1.89 
2.36 
2.23 
2.36 
1.80 
1.68 
0.85 
1.45 
1.42 
2.44 
2.51 
4.06 
4.91 



0.25 
3.52 
1.57 
1.50 
3.38 
2.28 
1.96 
1.40 
0.37 
0.41 
1.16 
0.34 
0.22 
0.26 
0.44 
0.27 
0.83 
0.38 
0.06 
-0.20 
-0.40 
0.00 
0.99 
0.27 
1.34 
0.68 
1.19 
1.16 
0.97 
1.07 
0.97 
1.16 
1.40 
1.27 
1.35 
1.38 
1.41 
1.29 
1.01 
0.66 
1.04 
0.69 
1.18 
1.01 
1.41 
1.11 
0.99 
0.55 
1.09 
0.92 
2.11 
2.15 
2.35 
2.13 
2.23 
2.08 
1.37 
1.81 
1.57 
1.80 
1.56 
1.94 
1.79 
2.28 
1.99 
2.45 
2.33 
2.46 
1.90 
1.78 
0.94 
1.55 
1.52 
2.54 
2.62 
4.05 
3.87 



-1.6 

0.14 
2.83 
0.98 
0.95 
2.62 
1.62 
1.27 
0.80 
0.10 
0.32 
0.65 
0.30 
0.11 
0.20 
0.36 
0.28 
0.54 
0.32 
0.03 
-0.20 
-0.40 
0.00 
0.70 
0.12 
0.95 
0.35 
0.74 
0.70 
0.53 
0.60 
0.51 
0.72 
0.95 
0.97 
1.11 
1.19 
1.22 
1.12 
0.85 
0.53 
0.90 
0.58 
1.08 
0.92 
1.30 
1.01 
0.90 
0.49 
1.01 
0.86 
2.09 
2.14 
2.35 
2.14 
2.23 
2.08 
1.37 
1.81 
1.57 
1.81 
1.57 
1.94 
1.79 
2.26 
1.97 
2.43 
2.31 
2.45 
1.89 
1.77 
0.91 
1.54 
1.51 
2.53 
2.59 
3.72 
3.48 



-1.3 

0.07 
2.24 
0.64 
0.63 
1.90 
1.11 
0.73 
0.46 
O.O.'i 
0.29 
0.33 
0.29 
0.06 
0.26 
0.32 
0.29 
0.33 
0.29 
0.02 
-0.20 
-0.40 
0.00 
0.43 
o.o.-, 
0.57 
0.14 
0.36 
0.33 
0.22 
0.28 
0.22 
0.48 
0.69 
0.90 
1.07 
1.18 
1.22 
1.14 
0.87 
0.55 
0.96 
0.66 
1.18 
1.00 
1.39 
1.10 
0.99 
0.56 
1.10 
0.96 
2.15 
2.20 
2.37 
2.17 
2.24 
2.07 
1.37 
1.80 
1.56 
1.79 
1.55 
1.91 
1.75 
2.21 
1.91 
2.38 
2.26 
2.41 
1.84 
1.73 
0.90 
1.49 
1.45 
2.47 
2.49 
3.33 
3.00 



-1.0 

0.07 
1.94 
0.53 
0.46 
1.41 
0.93 
0.52 
0.37 
0.02 
0.29 
0.26 
0.29 
0.06 
0.26 
0.31 
0.29 
0.34 
0.30 
0.03 
-0.20 
-0.40 
0.00 
0.36 
0.03 
0.43 
0.08 
0.24 
0.24 
0.17 
0.26 
0.22 
0.65 
0.88 
1.34 
1.53 
1.64 
1.69 
1.59 
1.30 
0.98 
1.48 
1.15 
1.68 
1.48 
1.84 
1.52 
1.40 
0.92 
1.50 
1.38 
2.10 
2.40 
2.52 
2.33 
2.39 
2.19 
1.48 
1.91 
1.66 
1.89 
1.64 
1.99 
1.83 
2.30 
2.00 
2.48 
2.37 
2.52 
1.95 
1.83 
0.98 
1.58 
1.54 
2.57 
2.61 
3.07 
2.56 



-3.6 

0.26 
5.13 
3.15 
2.89 
4.63 
3.87 
3.59 
2.75 
1.39 
0.52 
0.88 
0.32 
0.26 
0.26 
0.47 
0.28 
0.95 
0.42 
0.09 
-0.20 
-0.40 
0.00 
1.01 
0.32 
1.43 
0.83 
1.42 
1.46 
1.33 
1.53 
1.45 
1.86 
2.17 
2.24 
2.40 
2.45 
2.49 
2.33 
2.07 
1.68 
2.08 
1.68 
2.14 
1.94 
2.35 
2.02 
1.87 
1.37 
1.95 
1.77 
2.72 
2.68 
2.76 
2.53 
2.60 
2.43 
1.72 
2.15 
1.90 
2.13 
1.88 
2.25 
2.11 
2.58 
2.29 
2.75 
2.62 
2.74 
2.13 
2.03 
1.18 
1.79 
1.76 
2.76 
2.71 
3.37 
3.15 



-3.0 

0.26 
4.53 
2.55 
2.30 
4.02 
3.26 
2.98 
2.15 
0.84 
0.40 
0.74 
0.31 
0.26 
0.26 
0.47 
0.28 
0.94 
0.42 
0.08 
-0.20 
-0.40 
0.00 
1.04 
0.31 
1.40 
0.80 
1.49 
1.43 
1.30 
1.52 
1.44 
1.84 
2.16 
2.24 
2.40 
2.45 
2.49 
2.33 
2.06 
1.67 
2.08 
1.68 
2.15 
1.95 
2.35 
2.02 
1.87 
1.37 
1.95 
1.77 
2.72 
2.69 
2.76 
2.54 
2.61 
2.43 
1.72 
2.15 
1.90 
2.13 
1.88 
2.25 
2.11 
2.58 
2.29 
2.75 
2.62 
2.74 
2.13 
2.04 
1.18 
1.79 
1.76 
2.76 
2.71 
3.33 
3.08 



case ST/12 
[Fe/H] 
-2.6 -2.3 -2.0 



0.26 
4.13 
2.15 
14)2 
3.60 
2.87 
2.58 
1.76 
0.53 
0.36 
0.69 
0.31 
0.26 
0.26 
0.46 
0.28 
0.93 
0.42 
0.08 
-0.20 
-0.40 
0.00 
l.OO 
0.29 
1.38 
0.77 
1.36 
1.44 
1.29 
1.50 
1.43 
1.84 
2.16 
2.25 
2.41 
2.45 
2.49 
2.33 
2.06 
1.67 
2.07 
1.68 
2.16 
1.96 
2.36 
2.02 
1.88 
1.37 
14)5 
1.77 
2.73 
2.69 
2.77 
2.55 
2.62 
2.44 
1.72 
2.16 
1.94 
2.14 
1.89 
2.26 
2.11 
2.58 
2.28 
2.75 
2.62 
2.75 
2.13 
2.04 
1.19 
1.80 
1.76 
2.77 
2.72 
3.26 
2.96 



0.25 
3.83 
1.86 
1.63 
3.25 
2.57 
2.27 
1.47 
0.35 
0.35 
0.66 
0.31 
0.26 
0.26 
0.46 
0.28 
0.92 
0.42 
0.08 
-0.20 
-0.40 
0.00 
0.98 
0.27 
1.34 
0.74 
1.34 
1.39 
1.28 
1.50 
1.43 
1.84 
2.16 
2.26 
2.12 
2.46 
2.49 
2.33 
2.05 
1.66 
2.07 
1.69 
2.18 
1.99 
2.37 
2.02 
1.88 
1.37 
1.96 
1.78 
2.73 
2.70 
2.77 
2.56 
2.62 
2.43 
1.71 
2.14 
1.89 
2.12 
1.87 
2.24 
2.09 
2.55 
2.26 
2.72 
2.59 
2.72 
2.11 
2.02 
1.17 
1.78 
1.74 
2.75 
2.69 
3.11 
2.74 



0.25 
3.52 
1.56 
1.35 
2.88 
2.28 
4.96 
1.19 
0.21 
0.34 
0.61 
0.31 
0.26 
0.26 
0.45 
0.28 
0.90 
0.41 
0.06 
-0.20 
-0.40 
0.00 
0.95 
0.25 
1.29 
0.71 
1.31 
1.38 
1.28 
1.52 
1.44 
1.85 
2.17 
2.29 
2.44 
2.45 
2.49 
2. .44 
2.02 
1.64 
2.07 
1.69 
2.21 
2.04 
2.36 
2.00 
1.86 
1.35 
1.93 
1.77 
2.69 
2.64 
2.71 
2.50 
2.56 
2.35 
1.64 
2.07 
1.81 
2.04 
1.79 
2.15 
2.00 
2.46 
2.17 
2.64 
2.51 
2.64 
2.02 
1.94 
1.09 
1.69 
1.65 
2.67 
2.60 
2.75 
2.21 



-1.6 

0.14 
2.83 
0.98 
0.86 
2.10 
1.62 
1.25 
0.67 
0.06 
0.31 
0.34 
0.30 
0.16 
0.26 
0.37 
0.28 
0.62 
0.31 
0.01 
-0.20 
-0.40 
0.00 
0.66 
0.12 
0.94 
0.49 
1.04 
1.15 
1.06 
1.30 
1.22 
1.57 
1.87 
2.00 
2.10 
2.05 
2.07 
1.87 
1.57 
1.21 
1.66 
1.30 
1.81 
1.60 
1.88 
1.51 
1.36 
0.88 
1.40 
1.26 
2.02 
1.92 
1.91 
1.70 
1.72 
1.50 
0.82 
1.21 
0.97 
1.18 
0.91 
1.28 
1.13 
1.57 
1.28 
1.73 
1.60 
1.73 
1.14 
1.05 
0.34 
0.81 
0.77 
1.71 
1.66 
1.65 
4.00 



-1.3 

0.07 
2.24 
0.63 
0.59 
1.44 
1.11 
0.71 
0.41 
0.02 
0.2!) 
0.16 
0.29 
0.09 
0.26 
0.33 
0.29 
0.37 
0.27 
0.00 
-0.20 
-0.40 
0.00 
0.41 
0.04 
0.64 
0.32 
0.80 
0.90 
0.82 
1.02 
0.94 
4.19 
1.45 
1.53 
1.55 
1.41 
1.41 
1.16 
0.86 
0.55 
0.94 
0.63 
1.07 
0.87 
1.09 
0.74 
0.62 
0.27 
0.64 
0.52 
1.15 
1.05 
1.01 
0.82 
0.83 
0.63 
0.19 
0.41 
0.26 
0.39 
0.25 
0.45 
0.35 
0.67 
0.44 
0.79 
0.68 
0.79 
0.35 
0.28 
0.03 
0.16 
0.15 
0.74 
0.68 
0.50 
0.11 



-1.0 

0.07 
1.94 
0.52 
0.43 
1.10 
0.93 
0.49 
0.35 
0.02 
0.29 
0.11 
0.29 
0.09 
0.26 
0.32 
0.29 
0.31 
0.26 
0.00 
-0.20 
-0.40 
0.00 
0.37 
0.04 
0.58 
0.31 
0.75 
0.82 
0.71 
0.85 
0.76 
0.90 
1.09 
1.09 
1.06 
0.88 
0.87 
0.62 
0.38 
0.19 
0.46 
0.25 
0.55 
0.39 
0.54 
0.28 
0.20 
0.05 
0.20 
0.14 
0.44 
0.32 
0.26 
0.17 
0.16 
0.09 
0.00 
0.03 
0.01 
0.03 
0.00 
0.04 
0.02 
0.11 
0.04 
0.16 
0.12 
0.16 
0.03 
0.01 
0.00 
0.00 
0.00 
0.19 
0.14 
0.06 
0.01 
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APPENDIX C: ONLINE-ONLY MATERIAL 
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Figure CI. Elemental composition in the envelope at the last 
TDU, for AGB models of initial mass M = 1.3 Mq, initial metal- 
licity [Fe/H] = —2.6, and different choices of 13 C-pocket efficiency. 
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Figure C2. Theoretical results of [ls/Fe], [hs/Fe], and [Pb/Fe] 
(top, middle and bottom panels, respectively) for AGB models of 
initial mass M = 5 Mq and a range of 13 C-pocket efficiencies 
(ST-IMSX4 down to ST-IMS/25) in the metallicity range -1.6 < 
[Fe/H] < 0. 
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Figure C3. The same as Fig. IC2I but for the two s-process in- 
dicators [hs/ls] (top panel) and [Pb/hs] (bottom panel). 
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Figure C4. Theoretical results of [ls/Fe], [hs/Fe], and [Pb/Fe] 
(top, middle and bottom panels, respectively) for AGB models of 
initial mass M = 3 Mq and a range of 13 C-pocket efficiencies 
(STx2 down to ST/12) in the metallicity range -1.6 ^ [Fe/H] < 
0. 
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Figure C5. The same as Fig. IC4I but for the two s-process in- 
dicators [hs/ls] (top panel) and [Pb/hs] (bottom panel). 
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Figure C6. Top panel: theoretical predictions for AGB models 
of M = 1.3 Mq, a case ST and [Fe/H] = -2.6. The line with full 
squares stands for the ordinary case, while the line with empty 
circles corresponds to a case with the cross section of ls O(n, 7) 
put to zero. Bottom panel: the same as top panel, but the line 
with empty circles corresponds to a case with the cross section of 
12 C(n, 7) put to zero. 



